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To the Florida Nursery, Growers and Landscape Association:

Now, more than ever, support from associations like yours allows UF/IFAS researchers to continue their great work towards 
research and discovery both on campus and at our off-campus research centers (see map on the back of this document). The 
additional funding your organization raised is truly appreciated and will be used well. 

We also want to thank the selection committee for the time they dedicated to this program. Your thorough review ensures 
the projects that receive funding are the best of the best.

We look forward to this continued collaboration and hope you find this document helpful.

Sincerely,

Damian Adams
UF/IFAS Interim Associate 
Dean for Research

ENHANCE FLORIDIANS'

QUALITY OF LIFE

ABOUT THE FNGLA ENDOWMENT

The Florida Nursery, Growers and Landscape Association (FNGLA) created an endowment in 2005 to address problems and 
questions that are important to the Florida nursery industry.

The FNGLA Endowed Research Fund (#F003129/30) provides awards up to $5,000 each to supplement and extend existing 
research projects. The principal balance of the endowment is more than $1.45 million, and 10 projects were funded for a 
total of $49,941 and involved 24 faculty members.

The following priorities were determined for the selection of the 2019-20 projects:

 1. Enhance Floridians' Quality of Life
 2. Improve Environmental and Resource Management
 3. Improve Pest Management Practices and Strategies
 4. Improve Production System Practices and Strategies

The selection process included a review by the following FNGLA committee members:

A MESSAGE OF THANKS

• Ed Bravo
• Stefan Liopiros

• Mike Marshall
• Joe Cialone

• Van Donnan
• Nancy McDonald

Robert Gilbert
UF/IFAS Dean for Research
Director of the Florida Agricultural 
Experiment Station

• David McDonald
• Sylvia Gordon

• David Liu
• Nate Jameson

Jerry Fankhauser
Assistant Director of 
the Florida Agricultural 
Experiment Station
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Tree Preservation Ordinances in the State of  
Florida – How does Policy Impact Canopy Coverage?
PI: Andrew K. Koeser (akoeser@ufl.edu)
Co-PI: Deborah R. Hilbert
Co-PI: Drew C. McLean

Many cities actively manage their urban trees in an 
effort to increase or maintain canopy coverage and 
its associated environmental and social benefits. 
As development is one of the most significant 
factors limiting tree abundance and health, 
many local governments have enacted policies 
or ordinances which attempt to reduce tree loss 
during construction activities through preservation 
or replacement requirements. Recently, the state of 
Florida passed a state statute which significantly 
limits the range of tree protection measures allowed 
on residential properties – a land use type which 
typically accounts for the majority of a community’s 
urban forest. In this study, we surveyed urban tree 
managers for 150 of the State’s largest cities in order 
to assess the range of strategies they are developing 

ABSTRACT
to function under this new political normal. Our 
results show that more than 6 months after the 
passage of the statute, very few responding cities 
had changed their ordinances to comply with 
the new statute – though several indicated such 
changes were in progress. Other responses to the 
new law ranged from maintaining business as 
usual to actually investing more into urban forest 
management through increased inventory and 
management plan activities. Results of this work 
will be combined with a recently completed urban 
forest canopy assessment of 300 cities, providing 
base-level canopy data that can be used to track the 
effects of this new law on Florida’s urban forests 
over time. 

INTRODUCTION AND OBJECTIVES
The United Nations estimates that 55.3% of the world’s population now resides in urban areas and projects 
that this could rise to 60% within the coming decade (United Nations, 2018). While greater economic 
opportunity is a major driver of urbanization, city life is not without its challenges. Urban environments 
can have adverse environmental conditions such as increased air pollution, loud noises, and elevated 
temperatures. Fortunately, urban trees can alleviate these conditions and enhance the quality of life of 
urban dwellers. Many of the benefits humans receive from urban trees are derived from trees’ living 
crowns. In Florida alone, canopy coverage analysis shows that urban and surrounding exurban forest 
remnants in the state’s major metro areas provide over $4 billion annually in ecosystem services ranging 
from climate mitigation (via CO2 sequestration) to reduced medical costs associated with respiratory health 
(McLean et al. forthcoming). 

Despite these well-documented benefits, the United States loses over 70,000 hectares of urban tree canopy 
each year (Nowak and Greenfield, 2018). Florida in particular loses more urban tree canopy annually than 
any other state in the United States (Nowak and Greenfield, 2018). Coincidentally, the Florida was second 
only to Texas in the total area of impervious surface added during the five-year study period. Maintaining 
urban greenspaces will be an ongoing challenge as urban areas continue to expand and densify with infill 
development (Haaland and Konijnendijk van den Bosch 2015; Daniel et al., 2016). 

In addressing this issue, local decision makers often adopt policies, codes, and ordinances to prevent or 
mitigate tree loss during development (Schmied and Pillman 2003; Zhang et al. 2009, Lavy and Hagelman, 
2019) as part of their broader urban forest governance activities.  

Whenever policies or ordinances are implemented, the impacts of these initiatives should be assessed 
over time to gauge their effectiveness and determine if there were any unintended outcomes. Within 
the urban forestry literature, several studies have assessed tree protection measures (i.e. policies and 
ordinances) to determine their impact on urban forest abundance and condition. For example, Hill et al. 
(2010) investigated how local ordinances among Atlanta metropolitan area (United States) communities 
affected city-level canopy coverage. The authors found that ordinances such as requiring tree preservation 
areas during development, requiring permits for the removal of privately-owned trees, and the adoption 
of specimen/heritage tree protections were significant predictors of canopy coverage. Moreover, having 
multiple ordinances related to tree planting and preservation (they identified 9 categories of ordinances 
that they felt could impact tree canopy) increased predicted canopy coverage in their model (Hill et al. 
2010). Similarly, in an assessment of 43 municipalities in Florida, Hilbert et al. (2019) found cities that had 
heritage tree protection ordinances in place had 6.7% more canopy than similar cities lacking these local 
protections.

While protections, regulations, and punitive actions have been effectively implemented to enhance the 
greening of cities, they are also seen by some as adversarial to economic growth, an infringement of 
personal property rights, and an example of unnecessary taxation (Braverham 2008; Conway and Bang, 
2014). Moreover, it is not safe to assume that everyone values trees (Braverham 2008) or even wants them 
on their property (Carmichael and McDonough 2018). To address these concerns, the State of Florida 
(United States) recently passed a state statute which effectively bars local governments from protecting 
trees on private residential properties. Originating as “House Bill 1159: Private Property Rights”,  the law 
states:

163.045 Tree pruning, trimming, or removal on residential property.—

(1) A local government may not require a notice, application, approval, permit, fee, or mitigation for the pruning, 
trimming, or removal of a tree on residential property if the property owner obtains documentation from an arborist 
certified by the International Society of Arboriculture or a Florida licensed landscape architect that the tree presents a 
danger to persons or property.

(2) A local government may not require a property owner to replant a tree that was pruned, trimmed, or removed in 
accordance with this section.

(3) This section does not apply to the exercise of specifically delegated authority for mangrove protection pursuant to 
ss. 403.9321-403.9333.

The passage of this statute represents a stark example of the conflict that can occur across different scales 
of urban forest governance. It has forced many of the state’s cities and counties to reassess their local 
ordinances and internal policies. In this study, we attempted to assess the magnitude of this change in 
governance, by assessing what tree protection ordinances were in place in Florida’s cities prior the passage 
of this new law. Additionally, we surveyed urban foresters in an attempt to assess how this new legal 
environment impacted their management of urban trees within their community as well as their strategies 
moving forward. 
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In the winter and spring of 2020, we surveyed urban forester managers from the 150 largest cities to assess 
how the passage Florida Statute 163.045 impacted their urban forest operations and local ordinances. 
Drawing on a past survey question developed by Hauer and Peterson (2016), we asked survey participants 
to identify if they had the following ordinances in place prior to and after the passage of the 2019 state 
statute:

Ordinances that potentially impact canopy coverage:
 • An ordinance the regulates the removal of dead or diseased trees
 • An ordinance that requires preservation of trees during development
 • An ordinance the requires tree planting in new developments
 • An ordinance that requires tree planting around new parking lots
 • An ordinance the restricts tree cutting on private property
 • An ordinance that identifies preservation of heritage or significant trees
 
Ordinances that allow for enforcement of urban forestry policies/ordinances:
 • An ordinance the requires licensing of private tree care firms
 • An ordinance that establishes provisions for penalties for non-compliance

In addition to the above, we also asked a pair of open-ended questions. The first question asked if and how 
any of the above ordinances were changed given the new statute. The second question asked, in general, 
how (if at all) their community responded to the statute in regard to their urban forest management efforts. 
The survey was emailed to urban forest managers in each city. Each participant was contacted three times 
via email in an effort to increase responses. One follow-up call was made to any non-respondents after the 
third email attempt.
 
In parallel with this survey, we searched the Municode library (www.municode.com), the American 
Legal Publishing’s Corporation database (www.amlegal.com), and individual city webpages to assess the 
presence or absence of the above tree ordinances for non-responding cities. During the search we expanded 
our list of cities to include the 150 additional cities (the next largest beyond the original 150 surveyed). 

Survey results are tabulated and shown in the results. The responses for the open-ended survey questions 
were thematically coded using a qualitative data analysis program (Quirkos, Quirkos Limited, Edinburgh, 
Scotland). We adopted an emergent coding strategy (i.e., we did not have predetermined codes in mind) 
when reviewing the response data.

RESULTS
In the winter and spring of 2020, we surveyed urban forester managers from the 150 largest cities to assess 
how the passage Florida Statute 163.045 impacted their urban forest operations and local ordinances. 

Table 1. Tree-related ordinances addressing development 
and enforcement prior to the passage of Florida Statute 
163.045 in the 300 most populous Florida Cities.

Table 2. Reported changes to existing tree-related 
ordinances among respondents in response to the passage 
of Florida State Statute 163.045 (n=51)z. 

zAs of Winter/Spring 2020 (6-9 months after passage of new statute)

Table 3. Categorized responses to the question, “How has your community responded to the passage of Florida State 
Statute 163.045 (formerly HB 1159) as it related to its urban forest management efforts?” (n=47).

METHODS
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CONCLUSIONS
The passage of Florida Statute 163.045 has the potential to impact urban forestry governance in 268 of the 
300 (89.3%) cities investigated in this study. The most common ordinances adopted within our sampled 
cities were requirements to plant trees with new developments and parking lots (both tied at 89.3%, Table 
1). In contrast, only 53 (17.7%) of the 300 cities surveyed required licensure for professional tree care 
companies operating within their jurisdictions. 

Of the urban forestry ordinances investigated, the restriction of tree cutting on private property (often 
through a permitting process) was the one most impacted by the new statute. It was also one of least 
commonly adopted ordinances before the passage of 163.045 (138 or 46.0%; Table 1). As one respondent 
wrote, “If we cannot require notification, how can we effectively enforce our ordinance for unpermitted 
tree removals? We are looking for ways to preserve some semblance of a tree removal permit process 
without running afoul of the law.” Despite this, less than 12% of the respondents had changed their 
ordinances regarding the regulation of private tree removal at the time of the survey (Table 2). Even fewer 
cities made changes to the other ordinances investigated (Table 2). This partly reflects the general pace in 
which ordinances are modified. However, issues of clarity with regard to the law’s wording and a general 
uncertainty regarding the long-term prospects of the statute given future potential revisions has left many 
cities in a “wait and see” holding pattern (Table 3). 

The results of this work are currently being incorporated into a master database that includes photo-
interpreted urban canopy coverage values for the same 300 cities assessed in this study (funded jointly by 
the UF/IFAS Center for Land Use Efficiency and the Florida Forest Service). Phase 2 of this project will 
look at how these ordinances, as well as other factors such as historic land cover, housing density, median 
household income, relative age of developments within the city, resident demographics, and past hurricane 
activity impact urban canopy coverage. In addition to assessing the historic effects of past ordinances 
designed to protect and promote tree cover, we plan to conduct a follow-up assessment of the cities in 5 
or 10 years to track the impact of the new statute – assessing relative changes in canopy for cities with and 
without protective ordinances prior to the passage of 163.045. 
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Quantifying Nitrogen Leaching from 
Residential Soils in Florida
PI: Alexander J. Reisinger, reisingera@ufl.edu
Co-PIs: Eban Bean
   Mark Clark

The expansion of residential landscapes throughout 
Florida, coupled with water quality concerns 
arising from the management of these residential 
landscapes, has the potential to cause nutrient 
pollution of surface waters and groundwater 
throughout the state. Despite being a contentious 
issue, the role of residential landscapes, particularly 
turfgrass, as a driver of water quality impairment 
has not been well studied in situ under real-world 
conditions throughout Florida. For this project, we 
aimed to improve our understanding of nitrogen 
(N) exported beyond the surficial rooting zone 
of residential soils via leachate. We installed 20 
lysimeters and collected 100 soil cores (50 each 
during wet and dry seasons) from paired turfgrass 
and mulched bed landscapes from residences 

ABSTRACT
throughout Alachua County, primarily focused 
on the western, karst sensitive areas of the county, 
to quantify nutrient leaching across a range of 
landscape types and management styles. Across 
all lysimeters we found no differences in N or 
phosphorus (P) leaching between mulched bed or 
turfgrass lawn lysimeters. However, when directly 
comparing lysimeters from the same residence, 
we found a potential effect of elevated leaching 
of N as nitrate+nitrite (NOx; p=0.099) and total 
dissolved N (p=0.073). Additionally, we found that 
leaching loads increased with the property value of 
a home and in newer homes. These results suggest 
that individual management decisions must be 
considered as a driver of nutrient pollution arising 
from urban areas.

OBJECTIVES AND METHODS
The overall objectives of this project were to:

1) Directly quantify nitrogen leaching dynamics from typical residential soils

2) Establish the impact of different landscape management factors and age of landscape on the amount and 
form of N leaching from residential soils.

This specific project funding from FNGLA was used to supplement the personnel budget for an ongoing 
project funded by the Alachua County Environmental Protection Department. The specific objectives from 
this FNGLA supplemental salary funding was to allow increased sampling frequency.

This project was split into two separate components: 1) field-based leaching estimates using lysimeters and 
2) soil core leaching estimates from residential soils.

Field-based leaching estimates
We quantified nutrient leaching from residential landscapes by installing 20 lysimeters at 12 different 
residential landscapes. At all 12 residential landscapes, we installed a lysimeter below a turfgrass area. At 8 
of the landscapes, we installed an additional lysimeter underneath a mulched bed area (not all landscapes 
had mulched bed areas appropriate for lysimeter installation). 

Lysimeters were constructed by coupling a 3” 
(inner diameter) x 9” long PVC pipe to a 2” (inner 
diameter) x 24” long PVC pipe with a 3” to 2” reducer 
measuring 3” in length. The total length of the 
lysimeter was 36”. The upper portion of the lysimeter 
serves as a collection area and the lower 2’ portion of 
the lysimeter represents a reservoir where leachate 
accumulates (Figure 1). We installed lysimeters 
in areas seemingly representative of the broader 
landscape, and attempted to avoid downspouts 
or tree lines to reduce the likelihood of installing a 
lysimeter in an area that would receive artificially 
high (e.g., at a downspout) or low (e.g., below a tree) 
precipitation and runoff. Lysimeters were fitted with 
peristaltic pump tubing that reached the bottom of 
the collection reservoir and cut to a length to be long 
enough to extend to the soil surface.

Once the installation location was identified, we pulled up the turfgrass or mulch and set it aside. We then 
hand-augured a 48” hole into the soil profile, maintaining soil removed with the auger in depth-integrated 
buckets (to allow us to recreate the original soil profile above the lysimeter). The lysimeter was then 
installed vertically into the augured hole. The peristaltic tubing for sampling the reservoir was threaded 
up the soil profile and covered with an irrigation control box installed adjacent to the lysimeter. Soil was 
then taken from appropriate depth increments and placed back into the collection area of the lysimeter 
and on top of the entire lysimeter installation. We reconstructed the soil profile from the upper 24” within 
the augured hole to maintain as close to the original bulk density and compaction as possible. Following 
the filling of the augured hole, we replaced the turfgrass or mulch on top of the lysimeter. Ultimately, this 
lysimeter design allows for the collection of approximately 1.5 liters (0.4 gallons) of leachate before the 
reservoir fills entirely. All leachate collected for this project first percolated through the top 2’ of the soil 
profile, below the typical rooting depth of turfgrass.

All lysimeters were installed in April 2019. After installing lysimeters, we sampled them approximately 
weekly. For each sampling trip, we would visit every lysimeter and pump all leachate from the reservoir, 
recording the volume of leachate collected and then filtering a sub-sample of the leachate into two 20mL 
scintillation vials. All leachate was filtered by hand in the field using a 60mL syringe connected to a filter-
holder apparatus loaded with a 1.0um (nominal pore size) glass fiber filter. Upon returning to the lab, 
all samples were acidified to pH < 2.0 using concentrated sulfuric acid and refrigerated at 4°C until they 
were transported to the analytical lab. Within 1 week (typically within 24h), samples were taken to the 
UF|IFAS Analytical Research Laboratory, where they were analyzed for various dissolved N and P species, 
including ammonium (NH4+-N), nitrate+nitrite (NOx-N), total kjeldahl nitrogen (TKN), ortho-phosphate 
(PO43-), and total dissolved phosphorus (TDP). We calculated dissolved organic nitrogen (DON) as the 
difference between TKN and NH4+-N, and total dissolved nitrogen (TDN) as the sum of TKN and NOx-N. 
Samples were analyzed according to standard methods, which can be reviewed at https://arl.ifas.ufl.edu/. 

We calculated leachate load for each different nutrient form as:

where Load (mass per area) is the estimated nutrient load for a given sampling event, C is the 
concentration of leachate for a given nutrient form (mass per volume), V is leachate volume from the 
respective lysimeter, and A is the surface area of the collection apparatus of the lysimeter (area). We express 
load as lbs/1000 ft2. We report total leachate volume as the absolute volume (in liters) of leachate collect for 
each lysimeter. 

Figure 1. Schematic of the lysimeter as it would be installed 
in the landscape. Schematic credit: J. Radovanovic
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We assume that the area of soil contributing to the lysimeter is directly equal to the surface area of the 
lysimeter itself. Due to differences in soil porosity and flow paths, this assumption is not likely correct, but 
is necessary for these comparisons. We calculated the cumulative load estimate as the sum of individual 
sampling events for each lysimeter.

Residential soil cores
We identified 15 additional landscapes to collect soil cores to estimate leaching using soil core leaching 
approaches. In September 2019 (wet season) and February 2020 (dry season), we collected soil cores from 
these additional landscapes and the lysimeter locations. At each of these 15 landscapes, we collected two 
soil cores - one from an area covered with turfgrass and one from an area covered with a mulched bed. We 
also collected soil cores near each soil lysimeter location, leading to a total of 50 cores collected in both wet 
(September 2019) and dry (February 2020) seasons. Soil cores (2” inner diameter within aluminum soil core 
liners) were collected to a depth of 6” using a slide hammer, attempting to minimize compaction as much 
as possible during the collection. 

Soil cores, kept intact within 6” aluminum liners, were returned to the lab where they were leached 
according to a rapid soil core leaching protocol. Briefly, soil cores were set on top of a felt-lined Buchner 
funnel on top of a graduated cylinder. Slowly, 200mL of deionized water was added to the core. This is 
the equivalent of a 3.89in (9.88mm) rain event. Over 0.5 to 2h, leachate was collected from the bottom of 
the core. We set the end of the leachate period when individual drops were coming from the funnel at a 
frequency of <1 drop per 10 seconds. Leachate volume was recorded and a sub-sample was filtered and 
processed in the same way as samples from lysimeters. Leachate samples were then analyzed at the U/
IFAS Analytical Research Lab for N and P species similar to that of the field lysimeters. Leachate loads were 
estimated as the product of the leachate volume and nutrient concentration. We scaled leachate loads from 
soil cores areally based on the surface area of the cores.

Statistical Analyses
We tested for the effects of landscape type (mulched bed or turfgrass) using two separate approaches. 
First, we compared all sites throughout the study using a one-way analysis of variance (ANOVA) in which 
leachate load was the response variable and landscape type was the fixed effect. Due to the unbalanced 
nature of our study (i.e., some landscapes only had turfgrass lysimeters), we also directly tested the effect of 
landscape type from individual homes with both mulched bed and turfgrass lysimeters using paired t-tests. 
Soil core leaching data was analyzed using two-way ANOVAs with nutrient leaching load as the response 
variable and landscape type (turfgrass vs. mulched bed) and season (wet vs. dry) as the fixed effects.

RESULTS
Lysimeter leaching estimates
There was considerable variation in the volume of water and the nutrient leaching load estimates collected 
from the 20 lysimeters from April 2019 - April 2020 (Figure 2). Over the entire year, the average leachate 
volume 7.7 L (range: 0 to 26.2 L). Average total N and total P leachate loads over the entire year were 2.77 
(0.00 to 18.12) lbs N/1000 ft2 and 0.37 (0.00 to 1.76) lbs P/1000 ft2 across all lysimeters. 

When including all 20 lysimeters, there were no significant differences in leachate volume or nutrient load 
between turfgrass and mulched bed lysimeters (ANOVA: p>0.1 for all analyses; Figures 2 and 3).

Figure 2. Cumulative leachate volume (left panel), total dissolved nitrogen load (middle 
panel), and total dissolved phosphorus load (right panel) for lysimeters below mulched beds 
(red) or turfgrass lawns (blue). These figures represent cumulative loads meaning that for 
each sampling date where we recovered additional leachate, the plot moves up. Extreme 
events early in the study period were responsible for a considerable portion of leachate 
loads, particularly for N.

When we directly compared leaching from lysimeters from the same residential households using T-tests 
(in an attempt to control for differences in management strategies across households), we found a potential 
for NO3- (p=0.099) and TN  (p=0.073) leaching loads to be higher in lysimeters under turfgrass compared to 
mulched beds, although these results were not significant at the traditional threshold of p=0.05. Although 
there were no differences between turfgrass lawns and mulched beds, both TDN and TDP loads were 
related to total leachate volume, property values ($/ft2 of the entire parcel area) and home age, with 
more N and P leaching from more expensive and newer homes (p<0.05 for each relationship; Figure 4). 
Leachate volume was also related to home age and property value, suggesting that at least some of the N 
and P leaching response to increased socioeconomic status is due to increased leaching, potentially due to 
irrigation inputs.

Soil Core Leaching
Our soil core leaching approach, designed to compare nutrient leaching through soils underneath turfgrass 
and mulched beds, found no differences in NH4+, NOx, DON, TDN, PO43- or TDP potential leaching loads 
between cores collected from turfgrass and mulched bed areas (p>0.1 for all nutrient forms; Figure 3). There 
was also no differences between the total volume of water leached from turfgrass or mulched bed cores. 
Although there were no differences between landscapes, there were seasonal differences found for potential 
leaching of various nutrient forms. Both NH4+ (p=0.024) and TDN (p=0.018) leaching estimates from cores 
were higher during the dry season. In contrast PO43- (p=0.003) and TDP (p<0.001) leaching estimates from 
cores were higher during the wet season (Figure 3).   



19

Figure 3. Cumulative leaching estimates (04/19 - 04/20) 
from lysimeters installed under mulched bed (red) 
and turfgrass lawn (blue) landscapes. There were no 
significant differences between landscapes. Box plots 
show all of the data, with lines representing the median, 
boxes representing the 25th through 75% percentiles 
of the data, whiskers extending to the 5th and 95th 
percentiles, and dots representing data beyond these 
values.

Figure 4. Total leachate volume (top panels), NOx 
load (middle panels) and TDN load (bottom panels) 
decreased with property age (left panels) and increased 
with property value ($ per square foot) for mulched 
bed (red) and turfgrass (blue points) landscapes. Lines 
represent the best linear fit for each response.

CONCLUSIONS
Results from this study suggest that there may be a difference between mulched bed and turfgrass lawn 
leaching when other variables such as socioeconomic factors or landscape age are taken into account. It 
appears that individual socioeconomic factors, which likely drive landscape management decisions, are 
the dominant factors controlling N and P leaching from residential landscapes, but comparing lysimeter 
estimates from within the same landscape, turfgrass areas potentially leached more NOx-N (p=0.099) and 
TDN (p=0.073). This current project focused on improving our understanding of nutrient leaching under 
typical landscape management practices. Moving forward, more controlled studies in which residential 
landscape management practices are controlled are needed to identify alternative approaches to landscape 
management in order to improve water quality. Although this study focused on nutrient leaching, surface 
runoff into the stormwater system remains an additional concern for managing water quality.

RECOMMENDATIONS
This research indicates that landscape management practices are likely more important than what type 
of plant material is included in the landscape. Future research on the efficacy of landscape management 
practices (e.g., compost topdressing vs. traditional fertilizer vs. biosolids) is planned to develop 
more specific recommendations. It remains to be seen what specific practices drive the relationship 
between socioeconomic status and nutrient leaching, although it is possible that residences with higher 
socioeconomic status may be more willing/able to pay for more landscape inputs, such as increased 
irrigation and fertilizer. If landscape management inputs are increased in a non-environmentally 
responsible way (e.g., overirrigation, overapplication of fertilizer), increased nutrient leaching would be 
expected. Our results suggest that turfgrass landscapes may leach more N through the rooting zone than 
mulched bed landscapes, although additional factors related to socioeconomic conditions may be stronger 
drivers of N leaching than plant material itself. 

Figure 5.  Potential nitrogen and phosphorus leaching 
based on soil core leaching experiments from residential 
soils under mulched beds (red) and turfgrass lawns 
(blue) during dry (February, 2020) and wet (September, 
2019) seasons. No differences were observed between 
landscape types, although ammonium (NH4) and 
total dissolved nitrogen (TDN) leaching was higher 
during the dry season, whereas phosphate (PO4) 
and total dissolved phosphorus (TDP) leaching was 
higher during the dry season. Box plots show lines 
representing the median, boxes representing the 25th 
through 75% percentiles of the data, whiskers extending 
to the 5th and 95th percentiles, and dots representing 
data beyond these values.
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Automated Rain Gauge Device to Monitor 
Container Drainage for Irrigation Management
PI: Tom Yeager, yeagert@ufl.edu
Co-PI: Jeff Million

Leaching fraction (LF=container drainage ÷ 
irrigation applied) has been used to determine the 
irrigation application run time for container-grown 
plants. LFs are calculated from leachate or drainage 
weight measurements conducted in the field. 
The purpose of this investigation was to evaluate 
the use of tipping rain gauges instead of weight 

ABSTRACT
measurements for determining the amount of 
leachate or drainage from containers. Counts or tips 
recorded with the gauges were used to calculate 
LF. A preliminary evaluation was conducted at 
Hibernia Nursery and modified tipper counter 
systems were used at University of Florida.

OBJECTIVES AND METHODS
Objective: Evaluate tipping bucket rain gauges for determining the leaching fractions of container plants in 
the nursery. 

Methods:  Six pairs of tipping bucket rain gauges or tippers (Figure 1) were placed in a 7-gallon container 
plant production area at Hibernia Nursery, Webster, Florida in August 2019.  Each pair consisted of one 
gauge measuring leachate and one measuring irrigation applied. To measure leachate, containers were 
placed on pizza pans with a 0.5-inch drain hole to direct drainage or leachate into a tipper placed below 
the hole. To measure irrigation water applied, an adjacent emitter was placed in a 5-gal bucket with a 
drain hole to direct irrigation into another tipper. Nursery staff was directed to monitor these setups 
and record tip counts for both leachate and irrigation. Leaching Fraction (LF) was calculated as leachate 
tipper count divided by the irrigation tipper count times 100 to convert to percent. Several problems arose 
immediately that prevented staff from using the tipper system for LF testing and further evaluation. In 
the field, there was a tremendous amount of sand and woody debris that clogged pizza pan drain holes. 

RESULTS
Pairs of rain gauge devices were wired to pairs of LCD pulse counters mounted on a wood stand (Fig. 1). 
During field testing, maximum battery life was 10-14 days. Because LF testing only needed to be conducted 
once every 1-2 weeks, an on/off switch was wired into the 9VDC battery circuit. Initially, we used a toggle 
switch to reset counters to zero. During field testing, it was found that nursery staff often left the reset 
toggle switch in ‘on’ position which caused batteries to deplete the charge rapidly. To remedy this problem, 
the toggle switch was replaced with a push-button switch that stays on only when the button is depressed. 
Wiring was improved greatly by using a terminal block eliminating the use of wire caps, which proved to 
be unreliable in the field. The 9V battery holders purchased from a guitar parts store helped relieve tugging 
on the battery. Another improvement was the use of 18-gauge, single-strand wire rather than stranded wire.

For remedying the problem of debris and sand clogging, we glued a standard hose filter screen on the 
underside of the pizza pan drain hole. Above the drain hole, we placed approximately 200 ml of sand (used 
in swimming pool filter systems) so that all drainage was filtered through sand before leaving through the 
drain hole (Figure 2). The same sand filter system was used to filter irrigation water in the 5-gal buckets. 
Another improvement we made was to raise each tipper slightly above the production surface by screwing 
on two legs that allowed water passing through the tipper to move away readily (Figure 1).

Figure 1.  Tipping bucket rain gauges (left) were used to measure leachate and irrigation volume. When wired with a pulse 
counter (middle and right), the number of tips can be counted and converted to volume knowing the tipping bucket volume 
per tip (e.g. 1.5 cm3/tip). 

This was especially a problem due to rains that splashed sand and debris into the tipper and pizza pans. 
Surprisingly, small drain holes in the 5-gal buckets became clogged as well. We found this was due to iron 
phosphate sediment that resulted from the nursery treating their well water with a phosphate material 
to reduce soluble iron. A second group of problems was with the tipper counter system itself. Batteries 
became powerless fast and often wiring became disconnected. The tippers were brought back to University 
of Florida and overhauled to correct these problems. The following describes the improvements that were 
implemented.

Figure 2.  Seven-gallon container was place on 
17-inch pizza pan elevated 5 inches on wooden 
platform to direct drainage into tipping bucket rain 
gauge to measure leachate volume. The aluminum 
foil covers a layer of sand that filters out debris and 
slows the flow of leachate into the tipping bucket.  
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CONCLUSIONS
A rain gauge tipping bucket system for measuring container drainage or leachate was developed so that 
leaching fractions can be rapidly calculated without weighing leachate or drainage. An initial evaluation at 
a container plant nursery resulted in several improvements in design and components. The tipping bucket 
system is currently used to measure leaching from container plants in experiments at University of Florida 
and will be reevaluated in the nursery once COVID subsides.

This report has not been peer reviewed and is not a recommendation of UF/IFAS. Products and companies are 
mentioned for informational purposes only.

The volume of water per tip was found to increase as the rate of water flowing into the tipper increased 
(Figure 3). Typical irrigation rates are 300 – 1000 cm3/min, much higher than the tippers can accommodate. 
However, we found that the volume per tip can be kept consistent (±10%) if the flow rate is <30 cm3/min. 
One benefit of the sand filters is that the maximum flow rates leaving the sand filter are maintained at <30 
cm3/min. Because the reduced flow rate can cause leachate to collect in the pizza pans, we elevated the 
containers on 1-inch high metal pieces to keep the containers from reabsorbing leachate (Figure 2). Also, 
the sand filter retains water, so we placed an aluminum foil cover over the sand to limit evaporation so that 
once wet, the sand remains wet between irrigation cycles. 

Figure 3.  Example calibration tests used to determine the effect of 
flow rate of water into the tipping bucket gauge on the volume of 
water per tip (1 cm3 ≈1 ml).

Due to COVID restrictions, we have postponed the follow-up phase of testing in the nursery. In the 
meantime, the tipping bucket system improvements have been working well at the University of Florida 
where we evaluate their daily use in our research projects.
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Environmentally Friendly Landscaping: Addressing 
a Need for the Communications Research
PI: Laura Warner, lsanagorski@ufl.edu
Co-PIs: Michael Dukes
   Esen Momol

Effective communication about appropriate 
landscape and environmental practices is 
becoming more critical as numbers and types of 
communication channels rapidly grow. Beyond 
the volume of competing information, effective 
communications can be hindered by inadequate 
audience research. Messages and communication 
materials that have not been tested with intended 
recipients might be at best ineffective, or at worst 
they may have an adverse effect. This project was 
undertaken to research Floridians’ communication 
needs pertaining to landscape practices. Project 
activities resulted in a synthesis of available 
research pertaining to residential landscape 
practices. Best practices for communicating about 
environmentally-friendly landscaping include 
appealing to personal and social values and using 
websites and print materials for communications. 

ABSTRACT
These best practices were synthesized and used 
to guide the development of two design concepts 
and three websites. The design elements were 
tested through a randomized web-based survey. 
Preliminary results revealed interactive website 
elements (e.g., chat or request more information 
features) were appealing and there was a clear 
preference for an Adobe Spark storytelling-type of 
website. Respondents strongly preferred a website 
ending in “.com” over free urls (e.g., ending in 
wixsite.com), revealing the potential importance of 
directing resources to secure a website people trust. 
Next steps include collecting additional message 
testing data and leveraging the current project 
to support a second phase to include concept 
finalization, adding specific complementary 
behaviors, and testing brand identification and 
specific behavior requests.

OBJECTIVES AND METHODS
The aim of this project was to develop marketing concepts that foster a sense of social responsibility to 
implement environmentally-friendly landscape practices as part of being part of a community (Florida). 
The objectives were to 1) synthesize the available communications research specific to residential landscape 
practices in Florida; 2) develop communication concepts following known communication best practices; 
and 3) conduct preliminary message testing with these concepts. We engaged a doctoral-level UF/IFAS 
Agricultural Education and Communication student to achieve these objectives. 

Objective 1
We first conducted an in-depth review of communications research pertaining to landscape practices 
with Floridians using both published and grey literature. We synthesized the findings and identified 
the most promising communication strategies within this contextual area and also documented the 
communication approaches that have been ineffective. The result was a creative brief that can be used to 
guide communication strategy development. We took our creative brief and formatted it into an Extension 
fact sheet (EDIS). 

Objective 2
Next, we took our creative brief and use it to inform a number of potential communication strategies. We 
developed a number of concepts following this research-based guidance and used team and expert panel 
feedback to inform and finalize a series of drafts for market testing. 

Objective 3
Finally, we conducted preliminary quantitative message testing with the concepts through our professional 
networks. We initially hoped to conduct qualitative message testing and needed to adjust our planned 
message testing due to the current global pandemic situation (COVID-19). 

RESULTS
Objective 1
Four key best practices were identified for communicating about environmentally-friendly landscaping in 
Florida: 

• Appeal to normative beliefs and include both gain-frames and social-value frames. Florida residents 
are more likely to adopt practices if they are seen as a social expectation (i.e., something others will 
approve of) or are of personal value to their community (gain-frame and value-frame). Positive 
messaging that focuses on what audiences are “gaining” if they take action are generally more well 
received than messaging that is focused on what audiences are “losing” if they do not take action. 

• Utilize websites and print materials for communication efforts. Research has shown that the target 
audiences for these messages are most interested in seeking additional information from websites, print 
materials (i.e. facts sheets or brochures), or television. 

• Target specific key audiences. A target audience includes the individuals who are most likely to be 
interested in your service and information and are also the individuals who you are hoping to reach 
with your communication efforts. These key audiences may include but are not limited to people 
who care about water issues but also have room for improvement in terms of their adoption of water 
conservation practices, homeowners’ associations and their residents, real estate agents, and new 
Florida residents.

• Focus content to actions and topics that the audiences needs the most, are most interested in, and most 
willing to learn about. For example, Floridians are most interested in learning about topics that relate to 
residential landscape practices such as irrigation timing and local water quality.

These best practices and their implications are discussed in more detail in the forthcoming extension fact 
sheet which has been peer-reviewed, revised and accepted for publication (to appear at: https://edis.ifas.
ufl.edu/wc366).   

Objective 2
Following the best practices identified through Objective 1 activities, we developed a design for a potential 
overarching campaign to include interdisciplinary conservation information (i.e., water, soil, energy, food, 
etc.; Figure 1) as well as a potential image to be used in a water-specific campaign concept (Figure 2). 

Given that audiences are most likely to go to a website for more information on water conservation, we 
then incorporated the concepts into three different educational websites 
(Figures 3-5). 
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Figure 7.  Heat map responses to “Click Here” for 
more information button in Adobe Spark website

Figure 1.  Design for 
overarching campaign to include 
interdisciplinary conservation 
information (i.e. water, soil, energy, 
food, etc.).

Figure 2.  Design for water specific 
concept.

Figure 3.  Weebly Website 
(url: https://agoodfloridaneighbor.weebly.com/)

Figure 4.  Spark Page 
(url: https://spark.adobe.com/page/KxaHnU4g7xdrT/)

We have collected data from 54 Floridians to date. We would like to access a larger sample, and are 
planning to secure additional responses as part of another research project. Some of the preliminary 
findings are summarized below:

• Open-ended feedback from both expert reviewers and respondents showed a clear preference for the 
Adobe Spark story-telling type of design. 

• The actual website url matters. When asked to select Which web address would you be most willing 
to click on and visit?, 100% of those responding (n = 30) selected www.myfloridah2ome.com while 
no respondents selected www.Myfloridah2ome.wixsite.com, https://spark.adobe.com/page/
Myfloridah2ome, or www.Myfloridah2ome.weebly.com. 

• We used heat map technology to understand the elements of the website designs respondents liked the 
most. Each respondent was randomly assigned to view one of the websites, and then instructed to click 
on the elements of the website they found most appealing. Respondents were most likely to click on 
interactive elements where they could chat (Figure 6) or request more information (Figure 7). 

Figure 5.  Wix 
(url: https://jvaenlle.wixsite.com/website-2)

Figure 6.  Heat map responses to “Let’s Chat” button in Wix 
website

• Respondents were asked If you were seeking information about water conservation, how likely would you be 
to choose to receive information from the following channels? On a scale from 1 (very unlikely) to 7 (very 
likely), they indicated they were more likely to use an internet search (M = 5.43) over any other source. 
Social media sources such as Youtube (M = 3.31) and Twitter (M = 3.38) were the least preferred.

CONCLUSIONS
We have identified some key best practices for communicating about landscape practices, and the 
forthcoming publication conveying this information will support those with the goal of protecting 
Florida’s environment and natural resources to better serve Floridians and remain relevant in a time of 
unprecedented communications advancement, competition, and expansion. Although preliminary, we have 
begun to identify message elements and concepts that resonate best with Floridians which will support 
future work to increase Floridians’ willingness to learn more from industry members and increase the 
acceptability of an environmentally-friendly landscape. Most importantly, a better understanding of how to 
elicit environmentally-friendly behavior among Floridians can positively impact Florida’s water and other 
natural resources. 

This project positions our team to gather additional message testing data and start a second phase 
(including finalizing concepts, adding specific complementary behaviors, and testing brand identification 
and specific behavior requests) to inform a possible statewide marketing campaign. Having completed 
this first phase will provide the essential proof of concept needed to conduct the next research steps and be 
more competitive and cost efficient in future funding requests.  
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Optimizing Soil Amendment Characteristics 
for Improving Environmental and Resource 
Sustainability
PI: Eban Bean, ezbean@ufl.edu
Co-PI: Michael Dukes

By 2035, water demand is projected to exceed 
available supply in certain parts of central Florida. 
One of the main uses of water in many parts of 
Florida is residential irrigation. Past studies have 
shown that soil compaction is a significant issue in 
residential landscapes (Gregory et al, 2008; Bacon 
and Bean, 2019) and that incorporating compost 
is a potential means to address these issues (Bean 
and Dukes, 2016; Radovanovic and Bean, 2020). 
However, concerns about the introducing a nutrient 
source into watersheds, particularly in karst 
areas, have led to interest in evaluating whether 
reducing compost application rates provided 
similar results. In this study, soil samples were 
collected and analyzed from a 120-plot research 
study initiated to evaluate effects of different 
commercially available compost products, rates, 
and irrigation scheduling on turf quality responses. 
Five commercially available compost products (B, 
C, S, S2, and S3) applied at three rates (1, 2, and 4 
cy/1,000 ft2). Compost was incorporated into the 
top 6 in. of soil. Control plots received no compost 
or tilling. Plots were sodded with St. Augustine 
turfgrass. Soils properties were analyzed for soil 
texture, bulk density, organic matter content, and 

ABSTRACT
soil moisture. Compost amending caused a slight 
increase of sand and silt content, but all samples 
remained within the sandy classification. Increasing 
compost rates of decreased bulk densities from 1.67 
g/cm3 to 1.60, 1.53, and 1.51 g/cm3 for 1, 2, and 4 
yd3/1000 ft2, respectively. Similarly, organic matter 
and soil moisture also increased proportionally to 
compost amendment rates, however, only 2 and 4 
yd3/1000 ft2 were found to be significantly different 
from control plots (organic matter: 1.4% vs. 1.6%, 
2.1%, and 2.7%; soil moisture: 6.5% vs. 6.8%, 7.5%, 
and 9.5%). Different compost products did not 
produce significantly different bulk densities. 
All compost materials except S3 significantly 
increased soil moisture, while all but S2 and S3 
significantly increased organic matter. These data 
provide important baseline information on the 
soil characteristics for a 2-year study evaluating 
compost amendments and irrigation in residential 
landscapes. These results suggest that even 
minimal amounts of compost incorporated into 
compacted sandy soils improves the quality and 
lowering compost rates from 4 to 2 and possibly 1 
yd3/1,000 ft2 may sufficiently mitigate compaction 
and improve water retention in residential soils. 

OBJECTIVES AND METHODS
In August 2019, a 120-plot study was initiated at the Plant Science Research and Education Unit in Citra, 
FL, (Figure 1) through funding by Tampa Bay Water. The overall goal of the study is to build on previous 
field studies that indicate the potential for water conservation by amending compacted sandy fill soils with 
compost, and evaluate turf quality under varying compost rates, materials, and irrigation rates. Within the 
scope of this portion of the project, the objective were to evaluate the effect of five commercially available 
compost products (noted as B, C, S, S2, and S3) and at three rates (1, 2, and 4 yd3/1,000 ft2) on soil properties 
related to soil-water relationships.  

The 120-plots were separated into two intersecting studies using 72 and 48 plots, respectively. The 72 plots 
were assigned treatments based on a randomized block design including four blocks, with six amendment 
treatments (a control and five commercially available composts referred to as b, c, s, s2, and s3) and three 
irrigation rates. 

The 48 plots were also divided into four blocks, with four amendment treatments (a control and three 
amendments referred to as b, c, and s) and three application rates of 1, 2, and 4 yd3/1,000 ft2. 

Figure 1.  Plots with compost amendments incorporated (A) and sod laid (B) in August 2019 and during 
on-going study in June 2020 (C).

Compost materials were applied and tilled into the top 6 inches of their respective plots in August of 
2019. Plots were then sodded with St. Augustine (Floratam) turfgrass and daily establishment irrigation 
commenced. Due to the 60-day establishment period running into the beginning of the dormant season 
(October), irrigation schedules (part of broader study) were not implemented until Spring of 2020. Instead, 
all irrigation schedules were uniform for all plots, except due to system leaks or errors, until April 2020 
when irrigation treatments were begun. 

Soil samples were collected from the top six inches of the profile on January 28, 2020, the day following 
an irrigation event. Samples were collected with a 1” push probe from five locations within each plot. Soil 
samples were then composited for each plot.

Moist soil samples were weighed for determining water content. Samples were then oven dried at 105 
C for 72 hours and re-weighed. Oven-dried weights were recorded and divided by sampling volume 
to determine bulk densities. Samples were analyzed in the UF Pedology Lab to determine sand (0.5 – 2 
mm), silt (0.002 – 0.5 mm), and clay (< 0.002 mm) fractions using laser diffraction. Organic matter was 
determined by Loss On Ignition (LOI; 500 C), which measures the percent change in weight of soil after 
burning off the organic matter. Due to interruptions of laboratory activities related to Covid-19, results 
from only 71 of the 120 samples for organic matter are included here. Data were statistically analyzed using 
ANOVA and post-hoc comparison of means using Tukeys HSD test across compost products and rates.  

RESULTS
Soil Texture
Unamended soils were dominated by coarse sand size particles (96%, v/v) followed by silt (3.3%) and clay 
(0.8%), which is classified as Sand texture based on USDA soil texture classification system. Amending soils 
did not change the texture classification as fractions of sand ranged from 95.0 – 96.8%, silt ranged from 2.5 – 
4.1%, and clay ranged from 0.6 – 0.9%, leaving all plots within the Sand texture class. However, differences 
were significant for some compost types and rates (Table 1).
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Bulk Density
Increasing compost amendment rates decreased bulk soil bulk densities, due to the tilling and relatively 
low material density of compost. Control (0 yd3/1000 ft2) plots had a mean of 1.67 g/cm3 with 1, 2, and 4 
yd3/1000 ft2 having bulk densities of 1.60, 1.53, and 1.51 g/cm3, respectively. Notably, 1 yd3/1000 ft2 was 
not significantly (p < 0.05) lower than the control, but 2 and 4 yd3/1000 ft2 were and 4 yd3/1000 ft2 was 
significantly lower than 1 yd3/1000 ft2. Incorporating any of the compost amendments produced a similar 
effect with all but amendment B significantly lowering the control bulk density from 1.67 g/cm3 to means 
between 1.51 and 1.56 g/cm3 for all the compost products, independent of rates.  

Table 1.  Average soil texture composition by 
amendment type and rate. Different letters indicate 
significant differences based on Tukey's HSD test.

Figure 2. USDA Texture triangle with soil texture for this 
study indicated (Sand).

Figure 3. Box and whisker plots of bulk densities by compost amendment rate (A) and type (B). 
Different letters indicate significant differences based on Tukey’s HSD test.

Organic Matter
Organic matter results are summarized by compost amendment rate and plot in Figure 2. These results 
are only for 71 of the 120 plots, as the last batch of sample analyses were interrupted due to Covid-19. 
However, some clear trends emerge from the data. Increasing compost amendment rates increased organic 
matter content over the baseline mean of 1.4% (0 cy/1,000 ft2) to 1.6%, 2.1%, and 2.7% for 1, 2, and 4 
cy/1,000 ft2, respectively. Notably, 2 cy/1,000 ft2 was significantly greater than baseline, but significantly 
lower than 4 cy/1,000 ft2. For compost amendment types, only two, S2 (2.1%) and S3 (2.0%), were not 
significantly greater than the control plots, both of which also had significantly lower organic matter 
content than amendment S (2.8%). Amendment C (2.2%) was also significantly lower than Amendment S.   

Soil Moisture 
Volumetric water content results are summarized in Figure 3. Soil samples were collected the day following 
an irrigation event, which would be expected to yield soil moisture content at or slightly below field 
capacity. As soil-water relationships are largely dependent on soil pore structure, which is influenced by 
bulk density and organic matter, results were anticipated to be similar. Increasing compost amendment 
rates was found to increase soil moisture as shown in Figure 3A. Non-amended control lots (0 cy/1,000 ft2) 
had an average water content of 6.5%, while amendment rates of 1, 2, and 4 cy/1,000 ft2 had average water 
contents of 6.8%, 7.5%, and 9.5%, respectively. 

Figure 4. Box and whisker plots of organic matter (%) determined by Loss On Ignition (LOI) for 
compost amendment rates (A) and types (B). Different letters indicate significant differences based 
on Tukey’s HSD test.

Figure 5. Box and whisker plots of volumetric water content by compost amendment rate (A) and 
type (B). Different letters indicate significant differences based on Tukey’s HSD test.
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CONCLUSIONS
The objective of this study was to evaluate the effect of commercially available compost products and rates 
on soil-water properties. Soil textures for amended soils all remained within the sand classification. While 
differences were less than 1%, they were significant in some cases, with compost shifting the texture slightly 
coarser. Increasing amendment rates from 1 to 4 yd3/1,000 ft2 decreased bulk densities, and increased soil 
organic matter and soil moisture, however, differences were only significant for rates of 2 and 4 yd3/1,000 
ft2. All compost amendments decreased bulk densities, with only Amendment B not significantly lower 
than non-amended soil. Amendments B, C, and S also significantly increased soil organic matter and 
moisture over non-amended control plots. Amendment S2 had significantly higher soil moisture but not 
organic matter while amendment S3 soil organic matter and moisture were not significantly different than 
control plots.    
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Pilot Study on Management Strategies of 
Hibiscus Bud Weevil
PI: Wagner Vendrame, vendrame@ufl.edu
Co-PIs: Catharine Mannion
   Romina Gazis

Hibiscus is a shrub that produces flowers that 
come in a rainbow of colors and represents a 
major ornamental crop for many nurseries in 
Florida.  Chinese hibiscus (Hibiscus rosa-sinensis) is 
very popular and commonly available in garden 
centers and landscapes. Demand for this tropical 
ornamental is high with cultivation statewide, 
particularly in south Florida. Hibiscus is a crop that 
is already affected by common diseases and pests, 
such as bacterial leaf spot, two-spotted spider mite, 
among others.  However, more recently, a newly 

ABSTRACT
introduced pest has become the major concern 
for nursery growers.  The hibiscus bud weevil 
(Anthonomus testaceosquamosus) has been reported 
as a pest of hibiscus in Texas and Mexico for several 
decades, but was not detected in Florida until May 
of 2017 when it was found in the Miami-Dade area. 
Currently, the hibiscus bud weevil has been also 
reported in Broward, Hernando, Collier, Seminole, 
and Duval Counties. Most of the infected plants 
originate from wholesale nurseries.

OBJECTIVES AND METHODS

The objective of this study is to perform a pilot study for the development of management strategies for 
the hibiscus bud weevil. Before a large scale pilot test can be completed, individual management strategies 
need to be evaluated which include insecticides and potential entomopathogens.  Results from tests using 
entomopathogenic nematodes and fungi are included in this report.  Subsequent work with both foliar 
applied and systemic insecticides are included in a different FNGLA 2019 Final Report (Mannion and 
Schall).

Entomopathogenic nematodes

Three entomopathogenic nematode products were tested under laboratory conditions for larval control on 
Hibiscus rosa-sinensis ‘painted lady’.  These products included Nemasys G (Heterorhabditis bacteriophora), 
Nemasys (Steinernema feltiae) and Millineum (Steinernema carpocapsae).  All three nematode products 
show promise as a management tool for this weevil.  In all the laboratory tests, Nemasys and Millineum 
provided 100% mortality and Nemasys G provided 90% control in one of the tests.  This demonstrates that 
the nematodes can kill the larvae and are capable of getting into a bud where the larvae reside and feed.  
However, in a foliar test in which the nematodes were sprayed onto the buds simulating a field application, 
the results were not as good.  How these nematodes are applied will be essential to their success in killing 
weevil larvae and studies will continue to examine this issue.

Laboratory Procedure – Test 1
• Opened buds slightly 
• Placed two 20ul droplets with nematodes on bud (approximately 200 nemas/bud)
• Four days later, buds were opened to determine live and dead larvae

           Percent Larval Mortality

                      

Laboratory Procedure – Test 2
• Larvae were removed from the buds
• Nematodes were placed directly on the larvae (approximately 200 nemas/larva)

         Percent Larval Mortality

                     

Laboratory Procedure – Test 3
• Closed buds
• Placed two 20ul droplets with nematodes on bud (approximately 200 nemas/bud)

        Percent Larval Mortality
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Foliar-applied nematode test:
• Infested 20 plants within a large screen cage for one week
• Plants were removed from the cage and nematode applications were made (5 plants per treatment)
• Nematodes – Steinernema feltiae (Nemasys) and Steinernema carpocapsae (Millineum)

•  Applied approx. 800,000 nemas to 5 plants (160,000 per plant) which is very high rate (2-3      
times recommended rate)

•  Nemas were applied in 1 gal water to the 5 plants

• All buds were removed 4 days after application and examined for live/dead larvae

   # Buds # Holes # 

Eggs

# 
Larvae

# Live 
Larvae

# Dead 
Larvae

% Dead

Control 44.8 17.8 0.8 9.2 9.2 0 0

Nemasys 44.6 28.0 3.6 10.4 8.6 0.6 6.9

Millineum 45.4 14.2 0.4 4.4 3.6 0.6 13.6

Entomopathogenic fungi

Five entomopathogenic fungi products were tested under laboratory conditions for adult weevil mortality 
feeding on Hibiscus rosa-sinensis ‘painted lady’.  All but one product provided good control (>70%) when 
the weevil was sprayed directly and moderate to low mortality (10-40%) when the weevil was placed on 
foliage/buds that had been sprayed with the product. 

Treatment Active ingredient Rate Solution (SI)
Botanigard 22WP Beauvaria bassiana 

Strain GHA
2 lbs/100 gal 2.4g/L

Botanigard ES Beauvaria bassiana 
Strain GHA

2 qt/100 gal 5ml/L

BioCeres WP Beauvaria bassiana 
Strain ANT-03

3 lbs/50 gal 7.2/L

NoFly Isaria flumosorosea 
strain FE 9901

16 oz/100gal 1.2g/L

Velifer Beauvaria bassiana 
strain PPRI 5339

900ml/1000L 900ul/L

Control (water) NA NA NA

Residual/feeding test:  

One hibiscus plant (6-inch pot) was sprayed with a treatment solution 
with a hand-held pump sprayer for complete coverage of the buds and 
leaves of the plant (approximately 250 ml).  Ten stems with at least one 
bud and leaf were removed from each plant one hour after application.  
The stem was placed in a deep petri dish (100 x 40 mm) with a hole to 
insert the stem.  The petri plate was placed on top of a cup of water so 
that the stem remained in water.  Two adult weevils were placed in each 
petri dish.

The weevils were able to move freely within the petri plate walking and feeding on the leaf and bud.  10 
replications (bud/leaf stem) with 2 weevils per replication; completely random. 

Direct contact test:  

10 randomly selected weevils were placed in a deep petri dish (100 x 40 mm) with 2 pieces of filter paper.  
The filter paper absorbs excess solution, so no weevils were sitting in “puddles” of solution.  The dish was 
briefly opened, and 3-4 pumps of a treatment solution was sprayed directly on the weevils within the petri 
dish. Ten adults were directly sprayed so each weevil was completely covered by the product solution.  The 
weevils remained in the petri plate until death.  One or two hibiscus leaves were placed in each plate for 
food and moisture.  10 replications; completely random.

Weevils were monitored 2, 4, 7, and 10 days after treatment for mortality and signs of infection.  Any dead 
weevils were held in moist chambers to determine if cause of death was due to the fungal product.

RESULTS

Most of the products tested, provided good control if the product came into direct contact with the weevil 
when it was sprayed (70-100% mortality) (Figure 1).  The exception with NoFly.  However, the rate of 
mortality was less when the adults were exposed to leaves and buds sprayed with the products and contact 
was from the interaction on the plant and not a direct spray (Figure 2).  Also note, that the conditions of this 
test provided a desirable, humid environment for the products to work so results in the field may differ.

Figure 1. Mortality of adult weevils sprayed directly with the product and 
held in a humid environment.

Figure 2. Mortality of adult weevils exposed to sprayed foliage/buds.
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Determining the Effects of St. Augustinegrass 
Cultivar Diversity on Belowground Ecosystem 
Processes
PI: Adam G. Dale, agdale@ufl.edu
Co-PI: Dorota Porazinska

Turfgrasses in the southeastern U.S. are produced 
and planted as cultivar monocultures. In recent 
years, PI Dale has investigated if this lack of 
genetic diversity predisposes lawns to insect pest 
attack, creating chronic pest pressure that increases 
insecticide use and plant replacement. The objective 
is to develop IPM tactics that improve lawns, meet 
industry needs, and reduce insecticide inputs. 
Thus far, PI Dale’s lab has found that mixing any 
four cultivars of St. Augustinegrass in a single 
planting reduces insect pest pressure and may 
translate to agronomic benefits. Specifically, fall 
armyworm and southern chinch bug (two key pests 
of Florida turfgrasses) become less abundant and 
damaging in mixed-cultivar plantings compared to 
monocultures. Additionally, digital image analyses 
indicate that cultivar mixtures fill in and establish 
more quickly than cultivar monocultures after two 
years. A less frequently discussed, but critically 
important ecosystem service provided by turfgrass 
lawns is carbon storage. Soil carbon storage 
plays a vital role in mitigating anthropogenic 

ABSTRACT
increases in atmospheric CO2 concentrations and 
turfgrasses have great potential to enhance soil 
carbon storage. Research in grasslands and other 
natural systems has demonstrated that increasing 
plant diversity increases soil carbon storage by 
increasing belowground carbon inputs, soil organic 
matter, and soil microbial biodiversity and activity. 
Additionally, increasing microbial activity and 
diversity can increase decomposition, nutrient 
cycling, and other important soil processes, 
which improves overall plant health and quality. 
With 2019 FNGLA funding, we have found that 
increasing the number of St. Augustinegrass 
cultivars planted together increases the greenness 
and quality of turfgrass plantings. We are currently 
processing and collecting soil samples to see if 
this increase in quality is driven by changes in soil 
properties and processes. In addition to pest control 
benefits, cultivar mixtures of St. Augustinegrass 
may create a more ecologically functional soil 
ecosystems, enhancing the quality and value of 
turfgrass lawns.

OBJECTIVES AND METHODS

Objective 1. Determine the effect of mixing St. Augustinegrass cultivars on turfgrass lawn plant quality.

Objective 2. Determine the effect of mixing cultivars on soil properties, soil carbon storage, and soil microbial activity.

Objective 3. Determine if the effects of cultivar mixtures on belowground processes depends on geographic location.

To test the effects of cultivar diversity on turfgrasses and belowground processes, we created a regional 
common garden field experiment at four locations spanning six USDA Hardiness Zones. Specifically, we set 
up a replicated field experiment at UF IFAS Research stations in Ft. Lauderdale, Citra, and Jay, FL. We also 
established field plots at an NC State University facility that we are collaborating with in Jackson Springs, 
NC (Figure 1). For this study, we are only using the Florida locations. Differences in soil conditions coupled 
with substantial climatic variability among these sites will help us address Objective 3. To capture the effect 
of time over a longer period, we also utilized existing field research plots at the Citra, FL location that were 
planted in 2017 and follow a very similar experimental design.

Figure 1. Field research plot locations (left) and aerial image of the field plot design (right).

We used St. Augustinegrass, Stenotaphrum secundatum, because it is the most commonly produced and 
planted warm season turfgrass in Florida and the southern U.S. We created three treatments at three 
different levels of cultivar diversity (low, medium, and high) using six of the most common commercially 
produced S. secundatum cultivars. The low diversity treatment consists of two or three replicates of all 
cultivars planted as monocultures (n=15). The medium diversity treatment consists of all combinations of 
two cultivars from the pool of six, resulting in 15 unique combinations (n=15). The high diversity treatment 
consists of all combinations of four cultivars from the pool of six, also resulting in 15 unique combinations 
(n=15). These treatments were planted in 3m x 3m plots as shown in Figure 1. Plots assigned to the same 
level of diversity vary in their cultivar composition, but we are testing for the effect of diversity, not 
composition, using the large plots. However, each monoculture and cultivar combination are replicated 
three times, resulting in 135 plots (45 M1, 45 M2, 45 M4) x 3 research sites for a total of N = 405 independent 
sampling units.

A potential effect of enhanced soil quality and activity is higher quality plant material. To address Objective 
1 and determine if mixing St. Augustinegrass cultivars influenced turfgrass quality and marketability, we 
used three standardized methods to quantify turfgrass condition and appearance from a quantitative and 
qualitative perspective. First, we used the light box method to take close-up high resolution images of each 
plot for digital image analysis once per month. Funding from this project allowed us to compile a dataset 
of images taken on 23 separate months from May 2017 to December 2019 at the Citra, FL location. We 
analyzed each image using the Turf Analyzer software to capture quantitative measures of turfgrass color, 
density, texture, and quality. We also captured aerial drone images of the field plots on 25 separate months 
spanning April 2017 through November 2019 at the Citra, FL location. Drone images were analyzed using 
the Field Analyzer software and quantify percent green cover and dark green color index (DGCI) at the 
whole plot level on each date. We have also taken light box and drone images at our other field locations 
and will continue to do so monthly for the next 24 months.

To address Objective 2, we collect soil samples from within each field plot and process them to quantify soil 
properties, carbon, and microbial activity. Due to COVID-19 restrictions and limitations, and the departure 
of the graduate student working on this project, thus far we have only been able to collect soil samples 
from the Citra, FL field location. However, we still plan to collect soil samples from the Ft. Lauderdale and 
Jay locations before the end of 2020. Three soil subsamples will be collected per plot using a soil corer (5.5 
cm in diameter) at 0-20 cm depth and homogenized as 300 g per plot. 
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We will partition each sample into smaller portions to capture soil properties and microbial activity. To 
investigate whether soil properties differed between cultivar diversity levels, we will quantify bulk density, 
soil macronutrients such as N, P, K, soil micronutrients such as Ca, Mg, Zn, Carbon:Nitrogen ratios, organic 
matter, pH, soil C and soil N. 

We will extract microbial DNA from soil samples (0.3 g) using the MoBio PowerSoil DNA kit following the 
manufacturer's instructions. The abundance of 18S DNA will be measured by quantitative PCR (qPCR). 
For all samples, each 25 μL qPCR reaction contained 12.5 μL of PCR Master mix; 2 μL each of 10 μM 
forward and reverse primers; 3.5 μL of sterile, nuclease free water; and 5 μL of DNA sample. Melting 
curve analyses and agarose gel electrophoresis will be used to confirm that the fluorescence signal resulted 
from the specific PCR products. Also, amplicons will be visualized on agarose gel containing SYBR dye on 
illuminator. The qPCR assays will be conducted in 96-well plates with two replicates. Amplicons will be 
sequenced, and then the sequencing data will be processes for analysis using USEARCH v9.2.64, QIIME 
v1.9.1, RStudio v3.4.3.

To date – we are still processing or waiting to process soil samples to quantify soil properties and microbial 
DNA.

As anticipated, turfgrass quality metrics changed over time, initially as plots established and plant material 
grew in, but also as various biotic and abiotic factors influenced plant traits within each plot. As St. 
Augustinegrass cultivar diversity increased, percent green cover, DGCI, color quality, and overall quality 
increased. On average across 23 survey dates, plots containing two or four cultivars had statistically greater 
percent green cover, color quality, and overall quality than plot containing only one cultivar (Table 1). In 
some cases, mixtures of four cultivars were superior to both monocultures and mixtures of two cultivars. 
For example, on average across all dates, mixtures of four cultivars had DGCI and color quality values 
greater than monocultures and mixtures of two cultivars (Table 1). As time progressed, particularly in 2019, 
the difference between cultivar blends and monocultures increased. This trend was apparent in overall 
quality ratings, which were statistically higher on average in both mixed cultivar treatments compared to 
monocultures (Figure 1).

As in the light box image analyses, differences in percent green cover between cultivar diversity levels 
became more pronounced with time, particularly in 2019. In contrast to light box image analyses, average 
percent green cover and DGCI across 25 dates was no different between mixtures of two cultivars and 
cultivar monocultures (Table 2). However, mixtures of four cultivars averaged statistically greater percent 
green cover than monocultures and greater DGCI than monocultures and mixtures of two cultivars (Table 
2).

Due to COVID-19 and the departure of the graduate student working on this project, we are currently 
processing or waiting to process soil samples to quantify soil properties and microbial DNA. We anticipate 
these being completed by the beginning of 2021.

RESULTS

Table 1. Lightbox image analysis results. Turfgrass quality metrics were captured once per plot 
(n=15 per treatment) on 23 dates spanning May 2017 through December 2019.

Table 2. Aerial drone image analysis results. Photos taken once per month on 25 dates spanning 
April 2017 through November 2019.
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Figure 2. Overall Quality Rating based on the weighted averages of multiple turfgrass agronomic traits 
calculated using lightbox photos. Different lines indicate cultivar diversity treatments: Monocultures, 
Mixtures of two, and Mixtures of four cultivars. Photos taken once per plot (n=15 per treatment) on 23 
dates spanning May 3, 2017 through December 7, 2019.

Based on our results thus far, we have found evidence that increasing the number of St. Augustinegrass 
cultivars planted together increases the greenness and quality of plant material. This may be due to several 
mechanisms, but a few of those relate to soil quality, nutrient availability and uptake from the soil, and 
soil microbial activity. Ongoing work will hone in on the mechanisms driving our observed differences in 
plant quality and should shed light on whether mixing St. Augustinegrass cultivars affects soil properties 
and/or microbial activity. To-date, we have documented benefits of mixing St. Augustinegrass cultivars 
on insect pest management and turfgrass plant quality and performance. If we find benefits of cultivar 
mixtures on soil properties and processes, it would provide additional evidence that cultivar blends of 
St. Augustinegrass may be a superior method for producing, planting, and maintaining warm season 
turfgrass lawns. Ongoing ancillary research is investigating the effects of cultivar mixtures on key insect 
pests and weeds to provide more comprehensive evidence of the effects of cultivar diversity on turfgrass 
pests. Although we have captured three consecutive years of field observations, additional research will be 
needed to evaluate how this approach would translate to sod production and long-term installation and 
maintenance in residential lawns. 

CONCLUSIONS



47

Survey of the Invasive Mite Phyllocoptes 
Fructiphilus Rose Rosette Virus (RRV) and of its 
Predatory Mites in Northern Florida
PI: Xavier Martini, xmartini@ufl.edu
Co-PI: Austin N. Fife

We surveyed roses in landscape settings across 
North Florida to map the distribution of the 
eriophyid mite Phyllocoptes fructiphilius, the vector 
of rose rosette disease. The good news is that the 
current infestation seems contained, as out of 355 
roses samples, only those in Leon county had P. 
fructiphilius. However, the population in Leon 

ABSTRACT
county increased by 10-fold in 4 months indicating 
that the mite has the potential to establish in 
North Florida. In addition, we found a number of 
different predatory (phytoseiid) mites which will 
be identified and considered for their potential as 
biocontrol of P. fructiphilus.

OBJECTIVES AND METHODS
We conducted a survey across northern Florida to scout for Phyllocoptes fructiphilus, the vector of rose 
rosette virus and predatory mites on roses.

Objectives of the survey were fourfold:

1. Detect P. fructiphilus and/or Rose Rosette Disease if present in northern Florida

2. Identify native predatory mites with bio-control potential 

3. Identify other possible vectors of Rose Rosette Virus

4. Detect other mite species of concern on Florida roses

A survey of roses in the landscape was conducted following a transect of northern Florida from west to 
east, Pensacola to Jacksonville. Cities with populations over 1,000 were visited along this route and cuttings 
were taken from various roses in each city. Rose cultivar/species, sun exposure and GPS coordinates were 
recorded to map out sites which had predatory mites, eriophyid mites, or possibly symptoms of Rose 
Rosette Disease. Rose tissue samples were taken from the periphery of various roses in the landscape; 
sampling was focused on the flowering tips of roses and included a mixture of flowers, fruits, buds, and 
short lengths of rose cane. Samples were trimmed with bypass pruners which were routinely sanitized 
with 70% ethanol between cuts. Samples were stored in 500 mL Nalgene™ Wide-Mouth Polypropylene 
Copolymer bottles (ThermoFisher Scientific, Waltham, MA, USA) with ~10 mL of 95% ethanol. The rose 
samples then were gently shaken to coat the rose tissues sampled with ethanol. Doing so made sure that 
the sampled mites were killed and acted to preserve both mites and rose tissues until samples could be 
processed further and checked for mites.

Samples were processed using a washing method derived from Monfreda et al. (2007) used to detect 
eriphyoid mites such as P. fructiphilius: The sampling bottles with ethanol and rose tissues were vigorously 
shaken to dislodge any mites, then the ethanol in the container was poured over a stack of sieves with 
decreasing screen sizes: 180 μm, 53 μm, and 25 μm. The bottle and rose pieces were then further rinsed 
with 95% ethanol over the sieve stack to dislodge any remaining mites. 

The 53 μm and 25 μm sieves were processed separately; the 53 μm sieve retained larger mites while the 
25 μm sieve retained smaller mites, including P. fructiphilus. The sieves were then back-washed from the 
underside of their screen with a 95% ethanol-filled wash bottle, starting from the highest point of a sieve 
and working to the bottom to flush any trapped debris and mites into a 50 mL centrifuge tube for storage 
and future observations.

The ethanol solutions of mites and plant debris were allowed to settle until excess ethanol could be 
siphoned off, allowing us to then pour this concentrated plant-mite mixture into a thin, small petri dishes 
to be observed under a dissecting microscope. Mites found among the plant debris were counted, then 
siphoned off with a glass pipette and subsequently stored in micro-centrifuge containers with 95% ethanol 
as a preservative. 5-10 specimens from each sample were made into prepared microscope slides: Mites 
were cleared and mounted using the methods of Faraji and Bakker (2008): mites were simultaneously 
cleared and stained with Faraji and Bakker’s modified clearing solution and heated on a hot plate until the 
specimens were clear. Subsequently these mites were moved with an eyelash tool into an iodine-modified 
Hoyer’s slide mounting media (Hempstead Halide®, Inc., Galveston, Texas, USA), underneath a 12 mm 
glass cover-slip. The prepared slide was then dried at 90 °C before sealing the slide by painting a ring of 
alkyd insulating enamel (Red Glyptal® 1201, Chelsea, MA, USA) over the edges of the cover-slip to seal the 
slide, to protect it from damage by air incursion and moisture. These slides could then be observed under a 
compound microscope with phase-contrast objectives to identify the mite families and species if necessary.

After mite quantities and species were recorded, a representative sample of eriophyoids putatively 
identified as P. fructiphilus had their identity verified with the acarologist, Dr. Sam Bolton of the Florida 
Department of Agriculture and Consumer Services, Division of Plant Industry (FDACS-DPI) to ensure 
accuracy.

Roses which appeared to show symptoms of Rose Rosette Disease, or which had populations of P. 
fructiphilus present were tested by the Plant Disease Diagnostic Clinic at the NFREC. Plant tissues were 
tested for Rose rosette virus by Dr. Fanny Iriarte using the currently accepted molecular methods described 
in Babu et al. (2016), Babu, Washburn, Ertek, et al. (2017), and/or Babu, Washburn, Miller, et al. (2017).

Impact of the Covid-19 epidemic on the research

Our plan was to survey extensively North Florida from February to June 2020. However due to the 
Covid-19 outbreak and the lockdown of the university our sampling effort has been restrained. In addition, 
research activities were forbidden for almost 2 months, which slowed us down in the identification of the 
predatory mites.

RESULTS
We have been able to collect over 218 additional samples for our dataset, for a total of 355 rose samples 
overall from 29+ cities. We have not encountered P. fructiphilus nor any other eriophyoid mites on roses 
beyond the infestation in Leon County to date. In Leon county population of P. fructiphilus increased 
by more than 10-fold in 4 months indicating that the mite has the potential to establish in North Florida 
(Figure 1). 
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Figure 1. Presence of Phyllocoptes fructiphilus in 
Leon County, Florida, USA, in (A) Feb 2019 and (B) Jul 
2019. Orange dots indicate sites sampled that had P. 
fructiphilus. Gray dots indicate surveyed areas where 
no P. fructiphilus were found. (C) Average number of P. 
fructiphilus per rose sample. Samples were taken from 
sites in Leon County, Florida, on 14 Feb and 16 Jul 2019. 
Asterisks represent significant differences as calculated 
by pairwise t-tests of the 5 sites tested for P. fructiphilus 
during both mo. P-value < 0.001 (From Fife et al. 2020).

During our survey, we have not encountered any species of concern or any other eriophyoid mites which 
show potential to transmit rose rosette virus other than P. fructiphilus. Our mite collecting and washing 
methods appear to be effective: we have encountered plant-feeding mites of various species and sizes, 
including common plant-associated mites in the following families: Tetranychidae, Tarsonemidae, and 
Tenuipalpidae. We have also collected a few predatory mites in the family phytoseiidae which have been 
mounted and now await identification. We also have identified to order a few Oribatids and other mites 
which are commonly associated with plants, but are not considered predators nor herbivores. Please see 
Figure 2 to see the county where P. fructiphilus have been encountered.

Figure 2. Black dots indicate individual sites which 
have been surveyed for Phyllocoptes fructiphilus. 
Orange dots indicate a number of sites with 
populations of P. fructiphilus detected in Leon county, 
Florida. No symptoms of Rose Rosette Disease have 
been seen on these plants to date.

CONCLUSIONS
Our surveys were proposed to identify areas with greater disease risk for P. fructiphilus and/or Rose Rosette 
Virus and to understand the movements of mite populations within Florida. These data are contrary to 
previous reports of a southern boundary for populations of P. fructiphilus (Solo et al. 2020). The presence of 
P. fructiphilus in Florida represents a risk for the introduction of RRD, but so far we have found no evidence 
that this population of P. fructiphilus has spread beyond Leon County. We also have not seen any evidence 
of RRD in Florida during our surveys. Together, these data suggest that neither P. fructiphilus nor RDD are 
widespread in Florida, which provides us with an opportunity to control localized outbreaks.

RECOMMENDATIONS AND REFERENCES
With the present threat of P. fructiphilus in Florida, we recommend developing control methods to prevent 
further spread of the mite. By controlling the mite vector, it may be possible to reduce or even prevent the 
incidence of RRD in the following years. Furthermore, we recommend collaborating with FDACS and the 
public to detect any new instances of RRD in the state.
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Hibiscus Bud Weevil – A New Threat to Hibiscus 
Production
PI: Catharine Mannion, cmannion@ufl.edu
Co-PI: William Schall

Hibiscus bud weevil, Anthonomus 
testaceosquamousus, was first identified in Florida 
in 2017 in Miami-Dade County.  This small weevil 
has the potential to have a significant impact on 
hibiscus growers in Florida with the potential loss 
of millions of dollars. 

This weevil has been reported to feed on 
malvaceous flower buds in several genera, however, 

ABSTRACT
in Florida it has been only found on Hibiscus rosa-
sinensis. The adult weevils feed on buds and leaves 
but the primary damage comes from the female 
weevil laying her eggs inside small buds.  The 
developing larva(e) in the buds causes it to abort 
resulting in loss of flowers.  The insect continues it 
development in the bud eventually emerging from 
the detached bud as an adult.  

OBJECTIVES AND METHODS
The overall goal of the proposed studies is to develop rearing methods in order to produce enough weevils 
for subsequent work and to evaluate insecticides used for weevil control.  

 1) Expand rearing in petri plates on individual buds to large cage rearing.

Rearing remains a time-consuming procedure requiring plants with buds.  Infested buds are collected 
from various sources and put in cages with Hibiscus rosa-sinensis ‘painted lady’ plants with buds.  Buds 
are continuously harvested from caged plants and held in smaller containers within incubators for weevil 
emergence.  Continuous movement of weevils and/or buds to new cages to establish more colony cages 
is how we grow the colony.  When weevils of the same age are needed for research, separate colonies are 
started by placing eggs into buds which are held for emergence.  Rearing continues to be a limitation in 
large scale tests due to the necessity of using live plants/buds for rearing.  

Artificial rearing (rearing weevils on an artificial diet) are being conducted which may be useful 
particularly when weevils of a particular age are needed. 

 2) Evaluate contact foliar insecticide sprays for adult control

Mortality of adult weevils from feeding or walking on treated plants was relatively low for all products 
tested.  Xxpire provided the best result with 40% mortality of adults feeding/walking on buds and 
leaves (Tables 1 and 2).  Benefit (imidacloprid) provided similar results on the leaves only killing 35% of 
the weevils.  When adults were sprayed directly, there was more mortality than from residual/feeding 
exposure.  Talstar caused 90% mortality followed by Conserve with 50% mortality (Table 3). 

Although Pylon provided moderate mortality for both residual/feeding and direct contact, it is not 
recommended because it is not labeled for outdoor use of this pest.  

METHODS
Hibiscus rosa-sinensis ‘painted lady’ plants in 3 gallon containers with buds were selected for the test. Test 
plants were sprayed with the treatment insecticide to thoroughly cover the foliage and buds.  Control 
plants were sprayed with water.  After the insecticide dried, buds and leaves were removed and placed 
in petri dishes in the laboratory.  Leaves were placed in petri dishes separate from the buds.  Two adults 
were placed in each petri dish.  The weevils were checked at 4, 24, 48, 72, and 96 hrs. after application for 
mortality.  In the direct exposure test, weevils were sprayed directly with the insecticide treatment.

The insecticides tested for adult control included the following.  All products were used at the high rate for 
weevil/beetles:

• Acelepryn (chlorantraniliprole)
• Acephate (acephate)
• AzaSol (azadrachtin)
• Conserve (spinosad)
• Marathon (imidacloprid)
• Pylon (chlorfenapyr) (off-label)
• Mainspring GNL (cyantraniliprole)
• Sevin SL (carbaryl)
• Talstar (bifenthrin)
• Xxpire (sulfoxaflor + spinetoram)

1. Residual/Feeding mortality from sprayed buds - adults walked on and fed upon buds that were sprayed
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2. Residual/Feeding mortality from sprayed leaves - adults walked on and fed upon leaves that were 
sprayed 

3. Adult mortality from direct contact spray - spray was applied directly to the adult

 3) Evaluate systemic insecticide drenches for larval control which includes determining if the   

                 insecticide can get into the bud

Five systemic insecticides were tested as a drench treatment for their impact on the presence of live weevil 
larvae and eggs within buds and the number of oviposition and feeding holes on buds.  Flagship provided 
the best control in reducing the number of live larvae, eggs, and holes.  This trend was seen with both buds 
on the plants and on buds that were dropped.  No product provided 100% control.

1. A total of 24 plants (4 plants per treatment) (6-inch pot Painted Lady Hibiscus) were drenched with 
200ml of each insecticide solution based on the rates below on February 21, 2020. 

2. 10 days after drenching, the plants were placed in cages with 20 adult weevils – March 3, 2020

3. 1st evaluation - 7 days later (March 10, 2020) – five buds were removed from each plant and evaluated 
for the number of holes, number of eggs, and number of live larvae in the buds.  All dropped buds within 
each cage with 4 plants were also collected and evaluated for live larvae.

4. Second evaluation - 7 days later (March 17, 2020) – remaining buds were removed from each plant and 
evaluated for the number of holes, number of eggs, and number of live larvae or pupae.  All dropped 
buds around the 4 plants were also collected and evaluated.

RESULTS
Of the 5 products tested, Flagship (thiamethoxam) provided the best results in that there were fewer holes 
on the buds, and fewer eggs and larvae in the buds.  No product provided complete control. During the 
first evaluation, on average there were 3 to 6 holes per bud, except for Flagship which had 1 hole/bud; 
there were on average 0.5 to 1.5 eggs per bud, except Flagship which had 0.05 eggs per/bud; and the 
average number of live larvae per bud was 1.25 to 1.8 per bud, except Flagship which was 0.3 per bud.  (see 
graphs)

A similar trend was also noted for the dropped buds in which the average number of holes ranged from 
2.5 to 4.4, except Flagship which was 1.7 holes/bud.  The average number of larvae in the dropped buds 
ranged from 0.8 to 1.6, except Flagship which was 0.1 larva per bud.

On the second evaluation 7 days after the first, there were fewer buds on the plant to evaluate so the overall 
number of buds evaluated varied among the treatments.  The number of live larvae in buds averaged 0.09 
to 1.3 per bud, except for Flagship which averaged 0.4 larvae per bud.  The reduction of larvae in buds 
treated with Flagship may also be because there were less eggs laid in these buds and not actually 
killing the larvae.  The adult weevils may perceive something they do not like and therefore there is less 
feeding and egg laying resulting in fewer larvae.  This leaves me with the question if Flagship is sprayed as 
a foliar application, will it provide the same results as with the drench application.  This is the same active 
ingredient that is commonly used against pepper weevil and it is applied as a foliar application.
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Second Evaluation (21 days after drenching)

First Evaluation (14 days after drenching)
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Effect of Carbon and SiO2 Nanoparticles on 
Rooting and Growth of Different Ornamental 
Plants
PI: Alfred Huo
Co-PI: Roger Kjelgren

As one of the top ornamental plant species in the 
U.S.A., begonia is primarily propagated through 
stem cuttings. Successful begonia rooting is 
critically important in producing high quality 
plants for nurseries. However, during the rooting 
process various pathogens develop due to warm 
temperature and high humidity, which can 
affect propagation efficiency and plant quality. 
Nanoparticles have received broad attraction 
with regards to their wide applications from 
food to pharmaceutical industries. Due to limited 
research on their applications in ornamental plant 
production, we examine the effect of soluble carbon 
nanoparticle (CNP) on rooting and shoot formation 
as an alternative to chemical hormones in Rex 
Begonia (Begonia rex-cultorum). Leaf petiole cuttings 
of Rex Begonia were dipped in 30, 50, 100, 300, 1000, 
2000 mg/L CNPs, a commercial rooting hormone 
(Miracle-Gro Fast Root containing 0.1% Indole-3-

ABSTRACT
butyric acid), and a water control. Results showed 
that begonia cuttings treated with a 30, 50, and 
300mg/L CNPs exhibited more and longer primary 
and lateral roots compared to ones treated with 
Miracle-Gro fast rooting hormone and water only.  
More shoots were also observed from the cuttings 
treated with 30,50,1000 and 2000 mg/L CNP than 
commercial rooting hormone and water control. 
In addition, application of CNPs can significantly 
reduce fungal infection that have observed in the 
treatment with Miracle-Gro fast rooting hormone. 
The effect of CNPs in combination with the rooting 
hormone are still under investigation. In sum, 
CNP was instrumental to root formation and shoot 
formation of Rex Begonia, and more delineated 
results are expected from this study prior to the 
application of CNP to nursery production. 

OBJECTIVES AND METHODS

The objective of this study is to test the effect of different concentrations of soluble carbon nanoparticles on 
rooting and shooting of ornamental plants for Florida nursery propagation. 

Petioles of Rex Begonia (Begonia rex hybrid Var. OPGC 3563) were dipped 0.25”-0.75” into various solution 
for 5 seconds prior to being inserted into perlite media in a 6-inch pot. Ten pots were applied to each 
treatment. All pots were placed into mist bed at greenhouse with 28-32°C and 16-hour light. Total root 
emergence for each pot were counted and photographed at week 4. Total root length were measured at 
week 8 using ImageJ software from photos. Total new shoot/leaf were counted at week 8. Fresh weight 
and dry weight of newly regenerated shoots/leaves were also determined. The treatments include: 30, 50, 
100, 300, 1000, 2000 mg/L CNPs, a commercial rooting hormone (Miracle-Gro Fast Root containing 0.1% 
Indole-3-butyric acid), and a water control. Soluble Carbon Nanoparticles with average size of 100nm 
were provided by Vulpes Corp., Missouri, USA. Student’s t-test was performed to compare the significant 
difference between treatments with CNPs, rooting hormone and water treatment.

RESULTS

Soluble carbon nanoparticles significantly promote rooting of Rex 
Begonia

Leaf petioles were cut from different pots of healthy Rex Begonia 
plants. All petioles were attached with part of leaves (Figure 1). 
When these cuttings were treated with water only, the average root 
number is 5.5 per cutting after 4-week culture (Figure 2 and Figure 
3 A), suggesting that Rex Begonia is a relatively-easy-to-root plant 
species. The cuttings treated with the commercial rooting hormone 
Miracle-Gro-FastRoot generated 6.6 root/cutting, and did not exhibit 
significant difference from the water treatment (5.5 root/cutting) 
(Figure 2 and Figure 3A). Soluble CNPs treatments could significantly 
improve rooting of Rex Begonia compared to the water treatment. 
The best beneficial effects were observed in the treatments of 30, 50, 100 and 300 mg/L CNPs, in which 
9.1, 12.4, 11.7 and 11.7 roots were regenerated from each cutting, respectively (Figure 3A). Surprisingly, we 
have observed severe fungal infection in the cuttings treated with Miracle-Gro-FastRoot, while no obvious 
fungal infection was observed in the rest of treatments (Figure 2). Miracle-Gro-FastRoot contains nutrients 
such as Boric acid and sucrose, which can promote fungi development such as Botrytis. Botrytis is a fungus 
loves moisture and can infect a broad range of plant species, causing leaf spotting on foliage and stem 
blighting on cuttings and young plants during propagation. The spread of Botrytis is a great challenge for 
nursery plant propagation, and a cost-efficient and environment-friendly approach should be developed 
for controlling this fungus.

Figure 1. Representative cutting 
samples of Rex Begonia for 
rooting. 

Figure 2. Petioles of Rex begonia ( Begonia rex hybrid Var. 
OPGC 3563) were treated with various concentrations of 
soluble nanoparticle solutions, Miracle-Gro fast rooting 
hormone and water for rooting in the perlite under mist 
conditions for 4 weeks (left ) and 8 weeks (right) . Red 
arrows indicated the fungal infection. 
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CONCLUSIONS

In this study, we have tested the effect of soluble carbon nanoparticles on Rex Begonia propagation. Our 
results showed that this water-soluble carbon nanoparticles could significantly promote the regeneration 
of shoots and roots as well as root growth. In addition, the carbon nanoparticles were able to suppress 
fungal infection, which is a common and severe issue for nursery plant propagation under high 
humidity conditions. Our results provide evidences for the potential application of water-soluble carbon 
nanoparticles to improve propagation efficiency of nursery plants by reducing time, cost and disease 
spread. Because of the pandemic situation in the spring of 2020, we are not able to fully complete this 
project. However, research work will be resumed soon to compare the effect of SiO2 nanoparticles on the 
cutting propagation efficiency of different plant species. 

PUBLICATION

Matthew Creech, Hanna Baz, Abigail Plontke, Sandra Wilson, Jianjun Chen, Rick Shang,  Roger 
Kjelgren, Heqiang Huo, Enhanced Rooting For Begonia Propagation by the Application of Soluble Carbon-
Nanoparticles, Poster ASHS, Orlando, Florida ,August 9-13,2020.  

Figure 3. Average root numbers (A) at week 4 and root length at week 5 (B) after treatments of begonia petioles 
with different concentrations of soluble carbon nanoparticles, rooting hormone (RH) and water. * and ** denote 
significant difference at 0.05 and 0.01 level, respectively. 

Figure 4. (A) Representative image of newly regenerated shoot (yellow arrow) from cuttings treated with 50mg/L 
CNPs. (B) Average new shoot number at week 8 after treatments of begonia petioles with different concentrations 
of soluble carbon nanoparticles, rooting hormone (RH) and water. * and ** denote significant difference at 0.05 and 
0.01 level, respectively. 

Soluble carbon nanoparticles significantly promote root growth of Rex Begonia

In addition to the root number, we also examined whether the treatments could promote root growth. 
Root length were measured at the week 5 for all treatments. Results showed that all CNPs treatments 
significantly promote root growth (Figure 2B and Figure 1). The average root length are 5.6, 6.8, 6.8, 7.6, 
6.4, 6.7 cm for the cuttings treated with 30, 50, 100, 300, 1000, 2000mg/L CNPs, respectively.  In contrast, 
the average root length for the commercial rooting hormone and water treatments are 3.9 and 3.7 cm. The 
mechanism underlying this beneficial effect on promoting root growth remains to be investigated.  

Soluble carbon nanoparticles significantly promote shoot regeneration of Rex Begonia

We also examined the effect of different treatments on promoting shoot regeneration. Newly regenerated 
shoots/leaves were count at the week 8. The average number of newly regenerated shoots are 2.1 for water 
control, and 2.9 for rooting hormone treatment. High shoot regeneration frequency was observed when 
cuttings were treated with lower concentrations of CNPs such as 30 and 50mg/L. The average number 
of newly regenerated shoots are 4.4 and 4 for 30 and 50mg/L CNP treatments (Figure 4 A and B). Higher 
concentrations of CNPs did not improve shoot regeneration (Figure 4 B).

The effect of soluble carbon nanoparticles on newly-regenerated leaf growth of Rex Begonia

To determine if CNPs have beneficial effects on promoting shoot/leaf growth, we have collected newly-
regenerated leaves from each cuttings and measured their fresh weight and dry weight. Results from 
Figure 5 A and B showed that no significant difference was observed in the leaf growth with regard to 
fresh and dry weight of newly-regenerated shoots/leaves among all treatments except for the 50mg/L 
CNP treatment. The 50mg/L CNP treatment modestly increased the fresh and dry weight of these tested 
leaves, suggesting that it can partially benefit to the shoot/leaf growth of Rex Begonia. 

Figure 5. (A) Average fresh weight of newly regenerated leaves. (B) Average dry weight of newly regenerated 
leaves at week 8 after treatments of begonia petioles with different concentrations of soluble carbon nanoparticles, 
rooting hormone (RH) and water. * and ** denote significant difference at 0.05 and 0.01 level, respectively. 
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List of FNGLA Funded Projects Since 2005-06

PI NAME HOME UNIT LOCATION TITLE

Thomas Yeager Environmental
Horticulture

Gainesville Campus Statewide Expansion of South Florida BMP Effort

William Crow Entomology & 
Nematology

Gainesville Campus Biological Control of Root-Knot Nematodes on 
Woody Ornamentals

Forrest Howard Environmental
Horticulture

Ft. Lauderdale REC Biology and Management of West Indies 
Mahogany Scale, Conchaspis cordiae (Hemiptera: 
Conchaspididae)

Zhanao Deng Environmental
Horticulture

Gulf Coast REC Genetic Sterilization of Lantana

David Clark Environmental
Horticulture

Gainesville Campus Development of New Coleus Cultivars for Better 
Foliage Color Stabiliy and Use as Groundcovers

James Gibson Environmental
Horticulture

West Florida REC Consumer Purchase Patterns in Florida (3-year 
study) Study 1 (completed): The Impact of In-
House Displays on Impulse Buying Behavior; 
Study 2 (ongoing project): The Impact of Display 
Gardens on Identifying Consumer Needs, Trends, 
and Preferences; Study 3: (Proposed): Developing 
Employee Plant Knowledge to Effectively Educate 
Consumers and Increase Sales

2005-2006

PI NAME HOME UNIT LOCATION TITLE

James Barrett Environmental
Horticulture

Gainesville Campus Evaluating Flowering Annuals and Herbaceous 
Perennials for the Florida Climate

Monica Elliott Plant Pathology Ft. Lauderdale REC Determine the etiological agent for a new disease 
affecting Syagrus romanzoffiana (queen palm) in 
landscapes and nurseries

Kati Migliaccio Agricultural & 
Biological
Engineering

Tropical REC Designing Irrigation BMPs Considering Capillary 
Rise for Production Cost Savings

Kimberly Moore Environmental
Horticulture

Ft. Lauderdale REC Fertilization Effects on Water Requirements 
of Container Grown Ornamentals during 
Establishment in the Landscape

Wagner Vendrame Environmental
Horticulture

Tropical REC Potential Horticultural and Disease Management 
Benefits of Silicon Fertilization of Potted Orchids

Tom Yeager Environmental
Horticulture

Gainesville Campus Expanded BMP Education

2006-2007
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PI NAME HOME UNIT LOCATION TITLE

Kimberly Moore Environmental 
Horticulture

Ft. Lauderdale 
REC

Organic Matter and Irrigation Frequency Effects 
During Shrub Establishment

Tom Yeager Environmental 
Horticulture

Gainesville 
Campus

BMP Workshops for Field-Grown Plant Producers

Michael Dukes Agricultural & 
Biological
Engineering

Gainesville 
Campus

Development of Programming Recommendations for 
Smart Irrigation Controllers

Gurpal Toor Soil & Water 
Sciences

Gulf Coast REC Characterization of Organic Compounds in Nursery 
Reclaimed Water

Monica Elliot Plant Pathology Ft. Lauderdale 
REC

Fusarium Decline of Palms: Pathogen, Hosts, 
Diagnosis and Control

Zhanao Deng Environmental 
Horticulture

Gulf Coast REC Toward Sterilizing Nandina: Inducing Tetraploids 
for Development of Sterile, Non-Invasive Triploid 
Nandina

Francisco Escobedo School of Forest 
Resources & 
Conservation

Gainesville 
Campus

The Benefits of Florida’s Urban Forests on 
Environmental Quality

2007-2008

PI NAME HOME UNIT LOCATION TITLE

Richard Beeson Environmental 
Horticulture

Mid-Florida REC Commercial Evaluation of Automated Irrigation 
Control for Overhead Irrigation Based on Daily 
Weather

Geoffrey Denny Environmental 
Horticulture

Gulf Coast REC Validation of Nitrogen Fertilizer Recommendations 
for Florida Landscape Plants

Michael Dukes Agricultural & 
Biological
Engineering

Gainesville Campus Irrigation Controller Programming Guidelines by 
Multimedia Methods

Paul Fisher Environmental 
Horticulture

Gainesville Campus Onsite Monitoring of Water Treatment Technologies 
in Recycled Irrigation Water for Florida Nurseries

Paul Monaghan Agricultural & 
Biological
Engineering

Gainesville Campus Using Community Based Social Marketing to 
Evaluate Homeowner Attitudes Towards Florida 
Friendly Waterfront Landscapes

Brian Pearson Environmental 
Horticulture

Mid-Florida REC Quantification of Stormwater Nutrient Runoff in the 
Environment

Amy Shober Soil & Water 
Sciences

Gulf Coast REC Effects of Organic Matter and Tillage on Plant 
Establishment and Nutrient Losses in an 
Residential Landscape

Thomas Yeager Environmental 
Horticulture

Gainesville Campus Production Strategies for Water Savings in the 
Landscape

2008-2009
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PI NAME HOME UNIT LOCATION TITLE

Jianjun Chen Environmental 
Horticulture

Mid-Florida REC Improving the Quality of Recycled-Irrigation Water 
by Minimizing Algal Density Using Plant-Friendly 
Chemicals

Geoffrey Denny Environmental 
Horticulture

Gulf Coast REC Validation of Nitrogen Fertilizer Recommendations for 
Florida Landscape Plants

Rosanna Freyre Environmental 
Horticulture

Gainesville 
Campus

Breeding of Sterile and Non-Invasive Ruellia 
Cultivars

Jason Keith Kruse Environmental 
Horticulture

Gainesville 
Campus

Determining Required Width of Unfertilized Buffer 
Strips to Limit Fertilizer Movement Into SurfaceWater 
Bodies

Amy Shober Soil & Water 
Sciences

Gulf Coast REC Evaluation of Soil Physical and Chemical Properties 
at Newly Constructed Residential Home Sites to 
Improve Plant Growth and Environmental Quality

Tom Yeager Environmental 
Horticulture

Gainesville 
Campus

Developing a BMP Manual for Field-Grown Plant 
Producers

Tom Yeager Environmental 
Horticulture

Gainesville 
Campus

Automatic Irrigation Control Based Upon Plant Need

2009-2010

PI NAME HOME UNIT LOCATION TITLE

David Clark Environmental 
Horticulture

Gainesville Campus The University of Florida Sensory Gardens

Catharine Mannion Entomology & 
Nematology

Tropical REC Impact of Insecticides and Method of Application on 
Natural Enemies in the Landscape

Kimberly Moore Environmental 
Horticulture

Ft. Lauderdale REC Use of Reclaimed Waste Water to Grow 
Greenhouse Ornamental Plants

Kati Migliaccio Agricultural & 
Biological
Engineering

Tropical REC Interactive Tool for Improving Water Management in 
Landscapes

Robert Stamps Environmental 
Horticulture

Mid-Florida REC Evaluation and Identification of Effective and Safe 
Herbicides, Herbicide Formulations and Application 
Rates for Landscape and Nursery Use

Tom Yeager Environmental 
Horticulture

Gainesville Campus Development of an Economic Decision Support Tool 
for Container Nursery Management

Tom Yeager Environmental 
Horticulture

Gainesville Campus Enhanced Decision Capabilities for Irrigation of 
Container Plants

2010-2011
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PI NAME HOME UNIT LOCATION TITLE

Gul Shad Ali Plant Pathology Mid-Florida REC Development of a Rapid and Sensitive Diagnostic 
Kit for Ornamental Plant Pathogens Using Loop-
Mediated Isothermal Amplification and Recombinase 
Polymerase Amplification

Erin Alvarez Environmental 
Horticulture

Gainesville Campus The University of Florida Sensory Gardens

Eileen Buss Entomology & 
Nematology

Gainesville Campus Gall-Maker Management in Live Oak Nurseries

Aaron Palmateer Plant Pathology Tropical REC Management of High Consequence Bacterial

Amy Shober Soil & Water 
Sciences

Gulf Coast REC Evaluation of Nutrient Leaching From Mixed 
Landscapes

Tom Yeager Environmental 
Horticulture

Gainesville Campus Continued Development of an Economic Decision 
Support Tool for Container Nursery Management

2011-2012

PI NAME HOME UNIT LOCATION TITLE

Tom Yeager Environmental 
Horticulture

Gainesville Campus Evaluating the Effect of Plant Species on Water 
Usage to Improve Container Nursery Irrigation 
BMPs

James P. Cuda Entomology & 
Nematology

Gainesville Campus Mass Rearing of the South American Psyllid 
Calophya terebinthifolii (Hemiptera: Calophyidae), 
a Candidate Biological Control Agent for Brazilian 
Peppertree

Gary Knox Environmental 
Horticulture

North Florida REC New Crapemrytle Cultivars for the Southeastern 
U.S. An Extensive Evaluation of Field Resistances 
to Fungal, Bacterial and Abiotic Disorders and Plant 
and Flower Characteristics

Tesfamariam 
Mengistu

Entomology & 
Nematology

Gainesville Campus Development of a New Molecular Method to Detect 
Major Root-Knot Nematodes (Meloidogyne spp.) 
Occurring in Florida Nurseries

Gul Shad Ali Plant Pathology Mid-Florida REC Implementation and Field Testing of a Rapid and 
Sensitive Diaignostic Kit for Ornamental Plant 
Pathogens Using Loop-Mediated Isothermal 
Amplification Integrated with Lateral Flow Devices

Monica Elliott Plant Pathology Ft. Lauderdale REC Fungicide Movement, Distribution and Persistence 
in Palms

Robert Stamps Environmental 
Horticulture

Mid-Florida REC Development of Control and Eradication Methods 
for a Weed Posing a Nursery Quarantine Risk and 
a Weed Posing Human Health and Environmental 
Risks

Zhanao Deng Environmental 
Horticulture

Gulf Coast REC Developing Superior Native Plant Varieties for the 
Florida Nursery and Landscape Industry

2012-2013
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PI NAME HOME UNIT LOCATION TITLE

Steven Arthurs Entomology & 
Nematology

Mid-Florida REC Processed Coffee Grounds to Manage Cycad 
Aulacaspis Scale in Landscapes

Jianjun Chen Environmental
Horticulture

Mid-Florida REC Developing Color-Leaved Ficus Plants Through 
Biotechnology Approaches

Huangjun Lu Horticultural 
Sciences

Everglades REC Enhancing St. Augustinegrass for Drought Tolerance

Paul Monaghan Agricultural & 
Biological
Engineering

Gainesville Campus Increasing Tree Sales and Survivability in Urban 
Areas Community Tree Stewardship Programs

Kimberly Moore Environmental
Horticulture

Ft. Lauderdale REC Determination of Salt Tolerance of Container Grown 
Ornamental Shrubs

Quisto Settle Agricultural & 
Biological
Engineering

IFAS Center for 
Public Issues 
Education

Understanding Public Opinion of Issues Facing the 
Nursery and Landscape Industry in Florida

Thomas Yeager Environmental
Horticulture

Gainesville Campus Enhancing Irrigation in Container Nurseries Using 
Mobile Device App

Thomas Yeager Environmental
Horticulture

Gainesville Campus Develop Video to Promote BMPs

2013-2014

PI NAME HOME UNIT LOCATION TITLE

Bala 
Rathinasabapathi

Horticultural 
Sciences

Gainesville Campus Toward a Novel Biopesticide to Control Fall 
Armyworms: Beebalm Phytochemicals

Tom Yeager Environmental
Horticulture

Gainesville Campus A Mobile Device App for Enhancing Irrigation in 
Container Nurseries

Aaron Palmateer Plant Pathology Tropical REC Using Plant Diagnoistic Reports as a Tool for 
Preventative Disease Management in Florida 
Nurseries and Landscapes

Ronald Cave Entomology & 
Nematology

Indian River REC Biological Control of Green Croton Scale on 
Ornamental Plants

Stephen Marble Environmental
Horticulture

Mid-Florida REC Increasing the Accuracy and Effectiveness of 
Herbicide Applications in Florida Nurseries

Mathews Paret Plant Pathology North Florida REC Rose Mosaic: Management of Destructive Rose 
Virus Complex Using Early Detection and Novel 
IPM Strategies

Nathan Boyd Horticultural 
Sciences

Gulf Coast REC Weed Management Options for Tropical 
Ornamentals

Erica Goss Plant Pathology Gainesville Campus New Method to Detect Hybrid Phytophthora in 
Nursery Production

Catharine Mannion Entomology & 
Nematology

Tropical REC Contributing Factors in Ficus benjamina Decline

2014-2015
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PI NAME HOME UNIT LOCATION TITLE

Mace Bauer Horticultural 
Sciences

Gainesville Campus Improve Environment and Resource Management

Nathan Boyd Horticultural 
Sciences

Gulf Coast REC Weed Management Options for Tropical 
Ornamentals

Paul Fisher Environmental 
Horticulture

Gainesville Campus Delivering Adequate Oxygen for Rooting of Plant 
Cuttings

Paul Fisher Environmental 
Horticulture

Gainesville Campus Lowcost and Automated Sensorbased Technology 
for Improving Irrigation Strategies

Stephen Marble Environmental 
Horticulture

Mid-Florida REC Determining the Impact of Metsulfuron a Turf 
Herbicide on Growth and Establishment of 
Ornamental Trees and Shrubs in Florida’s 
Landscapes

Kimberly Moore Environmental 
Horticulture

Ft. Lauderdale REC Varying Leaching Fractions and Waste Water Blends 
to Grow Containerized Foliage Plants

Bart Schutzman Environmental 
Horticulture

Gainesville Campus Expansion andqw Enhancement of the Gardens at 
Fifield for Research, Teaching and Extension

Tripti Vashisth Horticultural 
Sciences

Citrus REC Evaluate the Use of Plant Growth Regulators and 
Different Growing Media to Accelerate the Rate 
of Germination and Growth in Citrus Rootstock 
Seedlings and Budded Trees

Tom Yeager Environmental 
Horticulture

Gainesville Campus Using Leaching Fraction to Achieve Appropriate 
Irrigation Application Amounts

2015-2016

PI NAME HOME UNIT LOCATION TITLE

Brian Bahder Entomology & 
Nematology

Ft. Lauderdale REC Evaluation of Insects in Areas Impacted by 
Texas Phoenix Palm Decline for Their Potential 
as Vectors

Nathan Boyd Horticultural 
Sciences

Gulf Coast REC Preemergence Herbicides for Weed Control 
in Allamanda,Bird  of Paradise, Firebush and 
Hibiscus

Adam Dale Entomology and 
Nematology

Gainesville Campus Novel Cultural Strategies for Managing Insect 
Pests of St. Agustinegrass

Paul Fisher Environmental 
Horticulture

Gainesville Campus Remediating Agrichemicals from Irrigation Water 
Using an Activated Carbon Filter

Rosanna Freyre Environmental 
Horticulture

Gainesville Campus Breeding Sterile Dwarf Mexican Petunia (Ruellia 
Simplex) at the University of Florida

Catharine Mannion Entomology and 
Nematology

Tropical REC Managing Ficus Whitefly Without Pesticides

S. Chris Marble Environmental 
Horticulture

Gainesville Campus Impact of Herbicide Application Carrier Volume 
on Weed Control in the Absence of Rainfall or 
Irrigation for Activiation

Xavier Martini Entomology and 
Nematology

North Florida REC Investigating Potential Alternative Vectors and 
Reservoirs of Rose Rosette Virus in the Florida 
Panhandle

Bryan Unruh Environmental 
Horticulture

West Florida REC A Mobile Web Application for Geolocating 
Fertilizer Ordinance Jurisdictions

2016-2017
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2017-2018

PI NAME HOME UNIT LOCATION TITLE

Charles Guy
Environmental 
Horticulture

Gainesville Campus Assessing Human Health Benefits of Gardening
Raymond Odeh

Environmental 
Horticulture

Allan Bacon
Soil and Water 
Science

Gainesville Campus
Long-term Recovery of Compacted Residential 
Soils

Eben Broadbent
Forest Resources 
and Conservation

Adam Dale
Entomology and 
Nematology

Gainesville Campus

Investigating the Causal Agent of Bud Galls on 
Florida Ornamental Plants

Gul Shad Ali Plant Pathology Mid-Florida REC

Erin Harlow
Duval County 
Extension

IFAS Extension

Rhuanito Ferrarezi
Horticultural 
Sciences

Indian River REC
Accelerated Production of Citrus Nursery Trees 
Using Automated Ebbandflow Subirrigation

Basil Iannone
Forest Resources 
and Conservation

Gainesville Campus
Planting Stormwater Ponds: Determining the 
Benefits and Best Management Practices for 
Ornamental Plants in an Underutilized Portion of 
Residential Landscapes

Michelle Atkinson
Manatee County 
Extension

IFAS Extension

Mary Lusk
Soil and Water 
Science

Gulf Coast REC

Tom Yeager
Environmental 
Horticulture

Gainesville Campus
Redefining Irrigation Permit Allocations for 
Nurseries

Brian Bahder
Entomology and 
Nematology

Ft. Lauderdale REC
Developing dPCR for Detecting Phytoplasmas in 
Palms

Heqiang "Alfred" 
Huo

Environmental 
Horticulture

Mid-Florida REC
Development of Genetically Engineered Banker 
Plants for Biological Control of Whiteflies in 
GreenhousesLance Osborne

Entomology and 
Nematology

H. Dail 
Laughinghouse

Agronomy Ft. Lauderdale REC

Developing Effective ManagementOptions for 
Nostoc spp. in Florida NurseriesChris Marble

Environmental 
Horticulture

Mid-Florida REC

David Berthold (No Unit Affiliation) Ft. Lauderdale REC

Mathews Paret Plant Pathology
North Florida REC

Recent Widespread Damage of Commercial 
and Landscape Roses In Florida To Crown Gall 
Disease: Characterizing the Bacterial Strains and 
Establishing Management Strategies

Gary Knox
Environmental 
Horticulture

2018-2019

PI NAME HOME UNIT LOCATION TITLE

Andrew Koeser
Environmental 
Horticulture

Gulf Coast REC
Determining Root Space Requirements for 
Florida Street Trees

Deb Hilbert
Environmental 
Horticulture

Heidi Radunovich
Family, Youth and 
Community Sciences

Gainesville Campus
Identifying the Impacts of Opioids on Florida 
Nursery, Growers and Landscapers

Christa Court
Food and Resource 
Economics

Heqiang "Alfred" Huo
Environmental 
Horticulture

Mid-Florida REC
Development of Salinity Tolerant Petunia 
Through CRISPR/Cas9 GeneEditing

Linhchi Nguyen
Environmental 
Horticulture

Tom Yeager
Environmental 
Horticulture

Gainesville Campus
Use of Reclaimed Water in Production 
Nurseries

Shawn Steed
Hillsborough County 
Extension

IFAS Extension

Brian Bahder
Entomology and 
Nematology

Ft. Lauderdale REC
Evaluating vector potential of Haplaxius crudus 
and Idioderma virescens

Thomas Chouvenc
Entomology and 
Nematology

Ft. Lauderdale REC
Measuring the Impact of a New Invasive Ant 
Species (Plagiolepis alluaudi) on Plant Feeding 
Insects in South Florida Nurseries

Brian Bahder
Entomology and 
Nematology

Ft. Lauderdale REC

Andrea Lucky
Entomology and 
Nematology

Gainesville Campus

Chris Marble
Environmental 
Horticulture

Mid-Florida REC
Improving Nursery Weed Control by Choosing 
Herbicides Based on Application Timing 
Flexibility and Formulation

Chris Marble
Environmental 
Horticulture

Mid-Florida REC
Developing Postemergence Weed Control 
Strategies for Nonturf Groundcovers in Florida

Sandra Wilson
Environmental 
Horticulture

Gainesville Campus
Introduction of New Native Plants to Florida’s 
Green Industry

Carlee Steppe
Environmental 
Horticulture

Gainesville Campus
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2019-2020

PI NAME HOME UNIT LOCATION TITLE

Andrew K. Koeser
Environmental 
Horticulture

Gulf Coast 
REC

Tree Preservation Ordinances in the State 
of Florida – How does Policy Impact Canopy 
Coverage?

Deborah R. Hilbert
Drew C. McLean
Alexander J. 
Reisinger

Soil and Water Sciences
Gainesville 
Campus

Quantifying Nitrogen Leaching from Residential 
Soils in FloridaEban Bean

Agricultural and Biological 
Engineering

Mark Clark Soil and Water Sciences
Tom Yeager Environmental 

Horticulture
Gainesville 
Campus

Automated Rain Gauge Device to Monitor 
Container Drainage for Irrigation ManagementJeff Million

Laura Warner
Agricultural Education and 
Communication

Gainesville 
Campus

Environmentally Friendly Landscaping: Addressing 
a Need for the Communications Research

Michael Dukes
Agricultural and Biological 
Engineering

Esen Momol
Center for Landscape 
Conservation & Ecology

Eban Bean
Agricultural and Biological 
Engineering

Gainesville 
Campus

Optimizing Soil Amendment Characteristics 
for Improving Environmental and Resource 
SustainabilityMichael Dukes

Wagner Vendrame
Environmental 
Horticulture

Tropical REC
Pilot Study on Management Strategies of Hibiscus 
Bud WeevilCatharine Mannion

Entomology and 
Nematology

Romina Gazis Plant Pathology

Adam G. Dale Entomology and 
Nematology

Gainesville 
Campus

Determining the Effects of St. Augustinegrass 
Cultivar Diversity on Belowground Ecosystem 
ProcessesDorota Porazinska

Xavier Martini Entomology and 
Nematology

North Florida 
REC

Survey of the Invasive Mite Phyllocoptes 
Fructiphilus Rose Rosette Virus (RRV) and of its 
Predatory Mites in Northern FloridaAustin N. Fife

Catharine Mannion
Entomology and 
Nematology Tropical REC

Hibiscus Bud Weevil – A New Threat to Hibiscus 
Production

William Schall IFAS Extension

Alfred Huo Mid-Florida 
REC

Effect of Carbon and SiO2 Nanoparticles on 
Rooting and Growth of Different Ornamental PlantsRoger Kjelgren
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